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ORIGINAL ARTICLES 

PEOBLEMS OP SUGAECANE UST THE DECCAN CANAL 

VI. MIlfERAL NUTRITIOJST: (B) nitrogen 

“sckmS DetiSf pi^SiSs. 

(Receivedfor publication on 18 October 1943) 

(With three text-figures) 

planting in a mixture of sulphate of ammonia 
.and oilcakes on equal basis, and the third in the 
alone at earthing up time. 

This recom.mendation of total nitrogenous 
ose was mainly based on economic considera- 
tions and was thus found to be of limited appli-. 
cabihty. Further the newly introduced Mgh- 
, yielding varieties of sugarcane demanded higher 
manuring. It was, therefore, realized that in 

i-htll ®'^°l’^e .a sound system of manuring a 
thorough investigation was required of fl) the 
preci.se quantities of mineral elements absorbed 
“oimally developed plant, (2) the optimum 

n beyond which an excess 

or deficiency of any one element would produce 
a disturbance m the metabolism of the plant, and 

to th ^ fertilizers applied 

to the plant. This research has been in process 

cane under the Sugarlane 
Ee. enreh Scheme since its inception in 1932 and - 
the work on nitrogen nutriment carried out dur- 
mg the first four years is dealt with in these 

puges. 


Part IV of this paper [Eege and Sanna- 
/ bliadti, 1948], deals with the response of the 

; sugarcane plant to pliospliatic manuring which 

is found to depend upon the initial phosphatic 
status of the soil. It has been further explained 
I that although certain soil types may show a 
deficiency of this element at start, necessitating 
its application, it is soon set right after growing 
a few sugarcane crops owing to the gradual ac- 
^ cumulation of phosphates in the soil from oil 
cakes w’hich are generally applied as a nitro- 
genous fertilker to cane. The total uptake of 
phosphate by the plant is very low^ as compared 
to that of either nitrogen or potash and as the 
phosphate is scarcely leached down by irrigation 
all its continuous application is considered 
j: unnecessary. On the other hand, in the case 

of nitrogenous manuring, the general experience 
is that the crop invariably responds ’to this 
manuring quite markedly, independent of the 
initial nitrogen status of the soil. Consequently 
the cultivation of sugarcane involves normally 
a large expenditure on nitrogenous manures 
alone, doses from 400 to 600 lb. of nitrogen being 
not uncommon. It is estimated that under 
normal conditions about 45 per cent of the total 
cost of cane cultivation is incurred on nitroge- 
nous manui*es alone. The question of evolving 
a method of proper manuring was therefore of 
the utmost importance and with the obiect of 
investigating this and other related problems, 
the Bombay Department of Agriculture estab- 
lished^ in 1893, an experimental farm at Maniri, 
at Avhieh, after much field experimentation, was 
evolved the well-knowm Standard Maniri 
Method of cane cultivation [Anonymous 1929T. 
This method recommended sunn green manur- 
ing, and a top dressing o^ 150 lb. IS!^ in eoiial pro- 
poriions of sulnhate of ammonia and oilcakes to 
he apnlied in three eaual doses— the first in the 
form of sulphate of ammonia alone at three weeks 
after planting, the second at eight w^eeks after 


* This scheme IS mrtly subsidized by the Imperial 
Voimcil of Agricxiltnral Beseareh 


Outline of the scheme 

the detailed in ve.stigation on the nitrogen 
nutriment of cane described in these pages has 
beem conducted in soil type B from among the 
eight soil types in which the soils of the D^can 
Canal tract are classified by Basu and Sirur 
liydaj. This type possesses a dark grey sur- 
face soil with an admixture of brown colour and 
a preamble subsoil which is coloured reddish 
brown. It is well supplied with calcium car- 
bonate ^which varies from 9 to 12 per cent 

about 0 045 per cent. The total phosphate is 
about 0-1 per cent. Field experiments carried 
out during the first few years showed a distinct- 
ly favourable effect of phosphatic manuring and 
as a result in 1936-37 a dose of 100 lb. P,0 in 
the form of double superphosphate was tnven 
as a basal dressing to all the treatments. "The 
nitrogenous treatments varied from 75 ]h. to 600 
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lb. N ill graduated doses. It was felt that- only 
through such wide range of treatments would 
the metabolic effects of nitrogen on cane plants 
be . clearly, brought out. 

Owing to limitations of space for field experi- 
ments and the staff for the analytical work, all 
the variations in doses could not be tried simul- 
taneously. During the first two years, doses up 
to 800 lb. N in the variation of 75, 150 and 300 
were studied and later on the number of treat- 
ments w^ere augmented to five by including ' 
higher doses and dropping some lower ones. 
During all these four years, two varieties — 
Pundia and POJ 2878 — -were studied, the 
former being non-fiowering, late maturing and 
shallow-rooted and the latter flowering, early 
maturing and deep-rooted. During the first 
two years, the nitrogenous quantities were ap- 
plied, in equal proportions of sulphate of amnio- 
nia and oilcakes divided in three doses as recom- 
mended in the Standard Manjri Method. 
Finding, however, some deleterious effect of 
this method of application in higher nitrogenous 
top dressings, the proportion of sulphate of 
ammonia to oilcakes was changed to one-third 
and two-thirds and the distribution to four doses 
in later years. The methods of cultivation, 
planting,' irrigation, etc., were kept the same as 
recommended in the Manjri Standard Method. 
There were duplicate plots per treatment?, the 
plot side being 28 ft. x 38 ft. with cane rows 
four feet apart. From September onwards, 
lodging of cane was observed in higher nitrogen- 
ous treatments and was specially severe in 
Pundia. 


[XIV 


Detailed observations were taken on the deve- 
lopmental behaviour of the crop and some 
physiological characteristics. In addition to 
periodical botanicai observations on the stand- 
ing cane for the determination of the rate of 
■ growth, plants were also periodically cut on an 
area basis for yield per acre and also uptake of 
nutrients, ihe normal constituents determined 
being N, P, K and Ga. Owing to limitations of 
space, it is not proposed to discuss always the 
data of each year separately. Wherever pos- 
sible, it will be dealt with in a general way for 
all the graduated doses under study after mak- 
ing due allowance for the seasonal fluctuations 
on the basis of the treatment of 300 lb. N which 
was common to all the four seasons. The 
methods used in field observations and analyti- 
cal work were the same as described in Part 
TV of this paper. 

Experimental 
A. Developmental studies 

Germination. It has been shown by Bege 
and Wagle [1939] that although the reserve 
material in the seed piece exercises an import- 
ant control on the process of germination, ap- 
plication of sulphate of ammonia at planting is 
beneficial as it accelerates the germinative 
capacity conducive to higher germination. The 
bulky manures as sunn green manuring or com- 
post are not of any use in tljis respect. This 
will be evident from Table I in whicl| the results 
of two separate experiments are illustrated. 

During the first season the variety was POJ 
2878 and in the second Co. 419. In the case of 


Table I 

Periodic data of germination 
{Per cent of the total nmnber of buds planted) 


Treatment per acre 

1938-39 

1939-40 

3 weeks 

8 weeks 

3 weeks 

8 weeks 

(1) Sunn green manxiring 

(2) Sunn green manuring-]- 300 lb. N. 

(3) No manure ..... 

(4) Compost 20,000 lb. . 

(5) Compost-]- 300 lb, N.. 

(0) 300 lb. N 

36-3±l-3 

42-l±0-76 

77-S±0-99 

82-3±4-9 

22*7±5-20 

36*8±3*96 

30*7±3*66 

■■ ' 

56-7±4*00 
59-5±6-30 
64-9±3-60 ■ 
66-7rh3*9B 


'i 


top dressings of 300 lb. NT one-tenth of the dose, 
i.e. 30 lb. N was applied at planting time in 
the form of sulphate of ammonia alone. In 
our experimental work on nitrogen nutriment 
this procedure was adopted in all the treatments 
yarying from IB to 600 lb. N. It wag observed 


that only in the case of 75 lb. N in whieli tlie 
planting dose was 7*5 lb. N the germination 
was low, the figure in POJ 2878 at eight weeks 
count being 80:6±3*2 as against 88*7 ± 3*4 
in the case of 150 lb, FT. On the other hand, 
all the higher treatments have equalled this 
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treatment of 150 lb. N. Tlie minimum dose re- 
quired for securing tbe optimum germination is 
thus 15 lb N as sulphate of ammonia and in- 
creasing this quantity even up to 60 lb. N* has 
been found to be of no further advantage. 

Tillering and horer counts. Besides periodi- 
cal counting of the total population, the method 
of labelling all tillers emerging from a germinat- 
ed bud was adopted in the case of ten randomly 
selected plants per treatment in order to get a 
correct idea about the influence of treatments on 


the tillering capacity and the ultimate fate of 
the tillers so formed. As the latter method has 
brought this out more clearly than the former, 
these data are only presented according to the 
month of the appearance of tillers and their 
ultimate success (Tables II and III). The figures 
are given for the first two seasons only as in 
later seasons the tillering performance has been 
quite similar in all the treatments owing to the 
dropping of the lowest nitrogenous dose of 75 
lb. N from further investigation. 


Table II 

Tillering performance 1934-SS 



April 

May 

June 

July 


Ratio of 

Treatment 

Per cent 
of total 
tillers 
formed 

Per cent 
tillers 
success- 
ful 

Per cent 
of total 
tillers 
formed 

Per cent 
tillers 
success- 
ful 

Per cent 
of total 
tillers 
formed 

Per cent 
tillers 
success- 
ful 

Per cent 
of total 
tillers 
formed 

Per cent 
tillers 
success' 
ful 

Total 
per cent 
success 

tillers 

to 

mother 

cane 

POJ287S 

751b. If- . . 

39*1 

10-8 

50‘0 

8*7 

10*9 

4-3 



23*8 

4*6 

1501b. N . 

55*4 

! 2S-1 

38*6 

3*5 

7*0 

■ . . 

' 


31*6 

5*7 

3001b. N . 

50 • 0 

.25-9 

,37-0 

9*3 

13*0 

1*8 


. . 

37*0 

5*4 

Pundia 

751b, N . 

40-8 

10-5 

35-1 

8*7 

24*6 

5*3 



24*7 

5*7 

1501b, N . 

34*9 

14*3 

33*3 

6*4 

30*2 

4*8 

i ‘6 


25*5 

6*3 

300 lb, N 

21-4 

7-1 

30*4 

5*4 

37*5 

6*3 

10*7 

1*8 

20*6 

12*2 


Table III 

Tillering performance WSS-SS 


^ ... 

April 

May 

June 

July 

Total 
per cent 
success 

R^atio.of 

total 

Treatment 

Per cent 
tillers 
formed 

Per cent 
tillers 
success- 
ful 

Per cent 
tillers 
formed 

Per cent 
tillers 
success- 
ful 

Per cent 
tillers 
formed 

Per cent 
tillers 
success- 
ful 

Per cent 
tillers 
formed 

Per cent 
. tillers 
success- 
ful 

tillers 
' to 

mother 

cane 

POJ287$— 

751b.N' . . 

48*8 

14*0 

48*8 

0*0 



2*3 

0*0. 

14*0 

4*3 

160 lb. N . 

66*0 

21*2 

17*0 

4*3 

2*1 

6*0 

14-9 

2*1 

27*7 1 

4-7 

3001b. N . 

42*9 

12*5 

48*2 

10*7 

, 

. . 

8*9 

0*0 

23*2 

5*6 

450 lb, N . 

48*0 

24*0 

30-0 

10*0 

14*0 

0*0 

8*0 

0*0 

34*0 

5*0 

6001b. N , 

40*0 

16*9 

41*5 

12*3 

. 3*1 

0*0 

15*4 

0*0 

29*2 - 

6*5 

Pundia — 

751b. N ■ "■ . 

41*2 

17*6 

47*1 

11*8 

6*9 

0*0 

5*9 

0*0 

29*4 

5*1 

150 lb, N . 

38*6 

14*0 

56*1 

10*5 


, , 

5*3 

1 0*0 

24*6 

5*7 

300 lb. N . . 

36*8 

36*8 

54*4 

1*8 


9 . 

8*8 

1*8 

40*4 

5*7 

450 lb. N . 

41*6 

10*3 

41*4 

12*1 

8*6 

0*0 

3*7 

0*0 

24^1 

- 5*8 

600 lb .N . 

26*3 

21*1 

61*4 

10*1 

5*3 

3*5 

7*0 

0*0 

35*1 

6*7 


In general it may be stated that early formed 
tillers, i,e. those formed in April and May, 
come out more successful than later ones. 
Coming to the , data of individual seasons,, the 
data of the first , season (Table. II) has brought 
out clearly the varietal eliaracteristies. In the 
case of Pundia there is aii increased tillering 


with increased top dressings which in the treat- 
ment of 800 lb. N reached such an abiiormed 
figure as 12 ‘2 tillers to one of mother plant. 
The periodical harvest data which will be dis- 
cussed under (c) have further shown greater pro- 
duction of leaf than cane in this treatment and 
it was mainly the smothering of a large number 
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of tillers during the process of earthing which 
was conducive to the normal performance of 
growth later. This abnormal behaviour of the 
plant at the tillering phase in this high nitrogen- 
ous series appears to be due to the High concen- 
tration of nitrogen in the soil solution as a 
result of the adoption of the Standard Manjri 
Method in the distribution of top dressings. Ac- 
cording to this method of distribution the crop 
received 200 lb. N within two months from 
planting, out of which 150 lb. N was in the form 
of sulphate of ammonia alone. This has affect- 
ed adversely Pundia and not POJ 2878 which, it 
seems, can withstand higher concentration of 
soil solution. This is further confirmed by the 
data of the next season (Table III) in which the 
proportion of sulphate of ammonia to cake as 
well as the distribution of the total dose were 
modified by reducing the quantity of sulphate 
of ammonia to one-third from one-half of the 
total dose, and increasing the distribution to 
four times instead of three. With this modifi- 
cation, even in the case of 600 lb. 17, in whicb 
tbe maximum quantity received within tw^o 
montbs as sulphate of ammonia was 100 lb. N. 
only, the abnormal stimulus to tillering is not 
visible. The low availability of nitrogen reduces 
the tillering capacity, the limit of nitrogenous 
top-dressings being 150 lb. IST in this respect. 
On the other hand if has already been shown 
[Eege and Sannabhadti, 1943] that a basal dose 
of 100 lb. P2O5 accelerates the tillering capacity 
even in the absence of nitrogenous top dressing 
and it is only af tbe growth phase that deficiency 
of nitrogen comes into prominence causing death 
of most of the tillers. It is thus apparent that so 
far as the tillering phase is concerned, phosphates 
are more important and can even obliterate tbe 
adverse effect of the deficiency of nitrogen. 

No definite conclusion could be drawn from 
the data of borer infestation owing to a great 
deal of fluctuation in the figures obtained for the 
different treatments. The only outstanding 
factor which has emerged from these data is 
that Pundia is more susceptible to borer attack 
than POJ 2878. 

Gromfh* The profuse tillering in Pundia 
diu'ing the first season in the case of 300 lb. N 
had not only adversely affected the total produc- 
tion in mid- June by reducing it by 48 and 20 per 
cent as compared to the lownr treatments of 
75 and 150 lb. N respectively but had further 
shown an abnormal rise in the ratio of the 
weights of the functioning leaves to sfem, the 
figure being 33*6 as against 6 in the lower treat- 
ments. In the case of POJ 2878 no such ab- 
normality could he traced, the ratios for both 
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150 and 300 lb. N being practically similar and 
only slightly higher than that for 75 lb. N. 
During the next season also no abnormal differ- 
ences in the ratios could be observed between 
the treatments varying from 75 to 600 lb. N in 
the ease of both the varieties. The adoption of 
the standard method of manuring in such heavy 
doses has evidently been mainly responsible for 
the leafy growth, and this is amended by the 
modification in manuring followed during the 
next season. In the present ease also, the 
method of using oil cakes for manuring just 
before earthing followed by this operation of 
earthing up has been beneficial in correcting the 
early adverse effect of manuring. Earthing up 
has not only smothered many of the tillers but 
has checked further tillering, thus reducing the 
ratio of leaves to stem practically to the same 
figures obtained in the lower treatments. Fur- 
ther, manuring with oilcake has helped to keep 
down the concentration of soil solution to the 
beneficial limit, owing to its slow availability 
and as a result, from August onwards, this treat- 
ment has put on pace in growth, coming even- 
tually superior to others in the end. 

In order to find out the optimum concentra- 
tion of nitrogen in solution for securing best 
growth, a sand-culture experiment was conducfed 
with salt solution consisting of three variations 
,of nitrogen on the basis of the one-third dose of 
the treatrhents of 150, »300 and 600 lb. N. Sul- 
phate of ammonia wm used to supply nitrogen, 
while other salts ag phosphate, potash, etc. 
were supplied in the form of usual standard 
chemicals. There was a control treatment con- 
sisting of water alone as well-water was used for 
'.dilution of the . salt cultures. Pots were of 
Juhbulpore burnt clay and there were four pofe 
for each treatment. The application of culture 
solutions was started immediately after germi- 
nation and ^vas continued for three months, at 
the end of which period the crop was harvested. 
The delta are given in Table lY. 

The above data show that for the best growth 
an optimum concentration of sulphate of am- 
monia equal to 50 lb. H per acre is essential. 
No doubt this quantity will be slightly more in 
the ease of soil in order to compensate for Its 
adsorbing power; but concentrations above 
100 lb. N are found to be definitely injurious to 
varieties like Pundia. In the case of POJ 
2878, altliongh 50 lb. N has come out the best, 
the next concentration equal to 100 lb. N (one- 
third of the treatment of 300 lb. N) has also 
given significantlv better results than control. 
This variable response of the varieties to the 
eoncentration of nutrients seems to he due to 
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Table IV 

Sand culture series 1935-36 


Treatment and 
variety 

Oven dry weight per pot in gm. 

Aerial 

portion 

Roots 

Total 

.POJ2878 


. , 


Control 

16-0 

6*3 

22-3 

150 lb. N . 

93*1 

11-6 

104-7 

3001b. N . . 

64-4 

7-6 

72-2 

6001b. K 

40-3 

3-8 

44-1 

Pundia 




Control 

9-5 1 

3-0 

12*5 

150 lb. N . 

31-4 ! 

5-1 

36-5 

300 lb. K . 

16-3 1 

2*1 

18-4 

600 1b, N . • 

7-5 

1*7 

9-2 

C. D. between any 




two treatments . 



22:5 


JP. O.J. S878 


the differential permeability of roots of these 
varieties. The determination of the osmotic 
pressure of the sap collected from the roots of 
these varieties has, in fact, shown it to be 26 
per cent higher in the case of POJ 2878 than 
that in Pundia. 

The relative growth rate per stool per day 
which is calculated according to Pisher’s formula 
[1932] from the monthly production of total 
dry mat^ter (inclusive of di^y, green leaves and 
stem) is illustrated on a percentage basis in Pig» 
1 for the season 1935-36. This season waa 
selected for illustration mainly because both the 
lowest and the highest treatments under inves- 
tigation were present and secondly monthly 
samples beginning from fourth month were 

ptmom 
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collected for the determination of growth only 
during this season. During later years the 
lowest treatment of 75 lb. N was dropped and 
further the periods of sampling were reduced to 
five depending upon the plant phases. The com- 
parison of the data of the relative growth rate 
has, however, shown trends similar to those 
iilustrated above. There are two peahs in gene- 
ral, the first showing the highest rate. The 
second peak, which comes by about September, 
coincides with the grand period of growth if one 
considers the actual increase in weight irrespect- 
ive of the previous weight which is the basis of 
the calculation by this formula. Coming to the 
treatments, two facts emerge quite clearly. Up 
to about eight months the relative growth rate 
is practically similar in all the treatments ex- 
cept in 75 lb. N which has shown a slower rate 
at start. In the case of lower treatments as 
75 and 150 lb. N the growth practically ceased 
after this period. This cessation of growth oc- 
curred a month later in the case of 300 ib. N, 
while in the higher treatments it was not observ- 
ed throughout. In the case of the flowering 
variety (POJ 2878) the continuation of growth 
seems to be dxie to the slow rate of flowering in 
these higher treatments, (see curves for flower- 
ing). The spurt in growth in most of the treat- 
ments in the end may be due to the inclusion of 
water shoots of which separate record was not 
kept at the time. Das [1936] had also come 


to similar conclusion in his experimental work 
with three series of low, medium and high nitro- 
genous manuring. According to him ail these 
series grew at about an equal rate until the 
ninth month and then the low N series began 
to lag behind the other two. 

The figures for final dry weighty (coL 2, Table 
V) show an upward gradient with increasing 
doses of nitrogen. They are also a good illus- 
tration of the law of diminishing returns as 
could be evident from the figures of percentage 
increase given in col. 3, Table V. Although the 
growth has practically ceased at the same time 
in 75 and 150 lb. N, its slow rate at start 
coupled with the low tillering seems to . have 
been responsible for the lower yield in the case 
of the former treatment. 

In Table V also, the data of some of the phy- 
siological characteristics have been given. The 
number of leaves and their measuremeni s are 
the average of the ten periodic samples. The 
carbon assimilation is determined by the 
Ganong’s punch method [1906] and the figures 
are the average of five monthly estimations till 
September. This procedure of averaging out has 
been followed firstly because it has enabled us to 
present the data within limited dimensions and 
secondly it has smoothened out the periodical 
fluctuations thus revealing the real differences 
between the treatments. However, whenever 


there has been some consistency in the periodic 
Table V 


Some physiological characteristic per stools, 1935-36 







Einal 


Average 

In inches 

In square inches 

Dry wt* 

Carbon 

Pinal 

Pinal 

Treatment and variety 


total 
dry wt. 
ingm. 

Per cent 
increase 

Ifo. of 
fnnction 
bag 
leaves 

Average 
length 
per leaf 
(L) 

Average 
breadth 
per leaf 
^<b) 

leaf 

area 

(Lxib) 

Total 
area per 
stom 

per sq. 
in. of 
leaf 
surface 
(gm). 

* 

assimi- 
lation 
per cent 

ratio of 
total 
leaves 
to stem 

ratio of 
■dry 

leaves to 
green 
leaves 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

POJ 2878— 

76 lb. N 





863 

100*0 

16*9 

44*1 

1*99 

43*8 

740 

0*153 

9*4 

0*84 

3*59 

160 lb. If 


. 



1162 

135*0 

18*6 

47*8 

2*17 

51*8 

963 

0*145 

9-2 

0*57 

1*87 

300 lb. If 


. 



1386 

162*3 

20*5 

51*0 

..2 ‘25 

57*4 

1177 

0*142 

7*9 

0*59 

1*19 

450 lb. If 




* 

1593 

186*7 

20-6 

52*7 

2*37 

62*5 

1288 

0*141 

8*2 

0-48 

0-98 

600 lb. If 





1642 

192*5 

24-3 

49*8 

2*33 

58*0 

1409 

0*140 

11*3 

0*46 

0*93 

C. I) 





337 


3*2 

2*4 

■ 0*33 

... 

■ i 

... 




PuHdicL — 

76 lb. If . 





1227 

100-0 

20*4 

60*0 

1-90 

47*5 

1 

969 1 

0*135 

12*7 

' 0*57 

1*41 

150 lb. If 





1444 

117*7 

25* 9 

52*4 

1-84 

48-2 

1248 1 

0*140 

32*2 

L 0*44 

1*09 

300 lb. If 





1619 

132*0 

27*8 

63*5 

1* 95 i 

■ 52*2' 

1441 

0*136 

11*3 

0*46 

0*93 

. 4501b. If 





1749 

142*5 

28*3 

63*7 

1*94 

62*1 

■ 1474 . 1 

0*132 

14*7 

0*46 

0*75 

600 lb. If 





1906 

155*3 

28*1 

54*5 

1*96 

53*4 

1501 1 

0*123 

15-3 

0*50 

0*69 

G. n. 




i 

406 

-*: 

3*6 

1*48 

0*18 

... 

1 

... 

... 

... 

... 
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fluctuations these have been referred to during 
the course of the discussion. 

The data show that there has been a progres- 
sive increase in the number of functioning leaves 
with increasing applications of nitrogen, the 
signilicance being only observed between 75 lb. 
N and AGO lb. N and above in the case of POJ 
2878 and 75 lb. N and all others in Pundia. 
The leaf area per leaf is also similarly affected. 
This has been, in fact, the case in practically 
every periodic sampling. It will be further 
seen that both the length and breadth of func- 
tioning leaves are favourably influenced by the 
nitrogenous manuring, the optimum figure being 
about 300 lb. N. This does not agree with the 
fiiidings of Das [1936], who states that the treat- 
ment differences on width are the reverse of 
those on length, the high N series having the 
widest leaves. Studies of periodic figures have 
shown that both blade length and width have 
increased in all the treatments from month to 
month up to July, Le. first six months, and then 
have remained constant for a period which has 
varied according to the treatments and varieties. 
Thus in the case of POJ 2878 this period lasts for 
about three months, i.e. till September, in the 
lower treatments of 75 and 150 lb. N while it 
extends till December in i he higher ones. This 
seems to be due to early start in flowering in the 
lower treatments. No such variation between 
treatments is observed in Pundia even till the 
end in all the treatments, the leaf area per treat- 
ment remaining practically constant from eJiily 
onwards till the end. This shows that the size 
of the leaf is a function of the age of the plant 
and is further controlled by the climatic and 
nutritional conditions. The maximum leaf area 
occurs at the clipiatic conditions most suited for 
the plant growth. Further, as long as the avail- 
ability of nitrogen continues this maximum size 
of the leaf continues and with its deficiency it 
diminishes. The rate of carbon assimilation 
(col. 10, Table V) which represents the percent- 
age increase in dry weight at 3 p. m. over 8 a. m. 
does not show* any significant variation between 
tile treatments. When one, however, consid- 
ers, the leaf area, the effect of increased nitro- 
gen on total carbon assimilation is evident. This 
is in agreement with the findings of Gregory 
[19261, wwlong with barley has shown that 
only the leaf area increases and not the assimi- 
lation rate with increased nitrogen. 

The figures for dry weight per square inch of 
the leaf surface distinguish the treatments of 
75 and 150 Ib. N from the higher ones by their 
greater weights. According to Russell [1937], 


greater quantities of nitrates lead to the dever 
lopment of large dark green leaves which are 
often crinkled and soft because of the thinning 
of the walls or of changes in tissues. It has 
already been stated that higher manuring had 
led to an increase in leaf area mainly up to a 
limit of 300 lb. N. There was also a develop- 
ment of green colour which was more evident in 
the case of Pundia than in POJ 2878, but it was 
not combined with the crinkled appearance even 
in the highest manurial dose. In the absence 
of anatomical studies, however, nothing can be 
stated as regards the differences in the cell 
structure. 

The ratio of total leaves to stem (col. 11, Table 
V) reveal a greater production of stem than 
leaves in the end with increasing nitrogen in the 
case of POJ 2878 and practically a constant 
figure for Pundia in treatments above 75 ib. N. 
This increased production of stem would be of 
commercial advantage as the stems form the 
raw material for the production oi gur or sugar. 
A similar instance has been given by Russell 
[1987] for mangolds in which increased roots 
are obtained by increased nitrogen while swedes 
sugarbeet and potato crops produce more leaves. 
In the ease of sugarcane one must, however, 
remember the operation of earthing up which 
smothers the excessively formed tillers .and it 
would be very interesting to see whether the 
same results would have been obtained in case 
this operation would have been dropped. The 
proportion of dry leaves to green leaves supporli 
the well-established fact of the deferment of 
the yellowing and death of the leaves wRh in- 
creased nitrogen. 

In order to find out how far the first order 
stalks or mother canes and tillers formed during 
different months contribute to the total cane 
weights per stool in the end, individual stalks 
from ten stools labelled for tillering were sepa- 
rately weighed and their percentage contribution 
calculated. Owing to borer attack the number 
of stools under observation are not sufficient to 
yield conclusive evidence above the effect of the 
various treatments. The figures have, ' how- 
ever, shown that the contribution from the first 
order stalks varies between 80 to 40 per cent 
in the ease of POJ 2878 and 15 to 20 per cent 
in the case of Pundia except in some lower 
nitrogenous doses. The rest of the weight is 
practically made up by tillers formed in April 
and May. It has been further observed from 
the weight of the individual canes that generally 
the growth of the mother cane is poorer than 
that of April-formed tillers and even tillers form- 
ed in May have shown the same trend in the 
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case of^higlier nitrogen in Pundia. These tillers 
nafe also attained practically the same brix as 
tne^inotner canes -at harvest and as such their 
contribution to the tonnages of both cane and 
sugar per acre would be considerable. 

The periodical strip sampling is utilized for 
the estimation of tonnage as well as mineral re- 
quirement per acre, which is of great practical 
importance for the evolution of a manuring 
system. For dhis purpose, sampling of 3 ft. 
length strips is found to be more reliable t ban 
the usual method of stool sampling, mainly 
because there is a very large reduction in the 
number of stools per acre with the advance in 
crop growth owing to the mortality of stools 
either by borer or other extraneous causes, 
which could not be accurately determined, 
except without disturbing the soil and roots at 
the base of the plant, once the full tillering is 
attained and the crop is earthed up. Thus it 
was found that on an average in POJ 2878 
raere were 19,965 stools per acre at four months 
from. planting, 18,798 at eight months and 
1J,842 at twelve months. The calculation of 
cane tonnages or their mineral requirement on 
toe first count of stools at four months only, 

UiB without distmbing 

the plant, would thus give abnormal results 

however, the number of 

nnmhoJ’®# 7®"^® carefully counted, the 

umber of steps for each sampling time being 

five later ^Towth and 

tee later. The cane tonnages at harvest only 

1985 o- and VIII for 

a?2l data of maturity 

of nhosTihnf the latter season a basal dose 
speS ?t 1 ® "^<3 its effect is visible 

pLTfi^ “ ^ nitrogenous series. In gen- 
eral there ,.s an increase in tonnages with 


OE AGRICULTURAL SCIENCE 


Table VI 

Harvest data {1939-1942) 

(Average of six replicates per season) 


increased doses even up to 600 lb. N, specially 
in POJ 2878, the rise being steeper up to 300 
lb. N than in higher treatments. Large-scale 
replicated trials conducted for three years with 
varying doses up to 375 lb. N have, however, 
shown no significant increase in cane tonnages 
in 375 lb. N over 300 lb. N. The data (average 
of three years) are given in Table VI. Instead 
of Pundia the variety under trial was Oo. 419, 
it also being a late-maturing one. 

Boot system. The effect of increased dose of 
nitrogen on the root system has already been 
discussed in detail in a previous paper by Eege 
a^d Wagle [1941]. In general it may be stated 
that there has been a reduction in the root sys- 
tem with increasing nitrogen, thus exhibiting an 
inverse relationship with the stool weights. The 
distribution of roots in the various soil depths 
have shown more intensity in the lower depths 
in higher manuring. It is suggested that this 
may be meant to support the high weight cf the 
cane with a view to preventing its lodging. 

Maturity. This is judged by monthly esti- 
mation of Brix from mid-September onwiirds. 
These data are illustrated in Fig. 1 for the 
season 1935-36. Detailed analyses for sucrose 
and glucose are carried out for a few periods and 
are given in Table VII. It would be seen that 
the effect of treatments is more clearly broup'ht 
out by these detailed analyses than by the 
figures of Brix alone. Even in eases where the 
figures for Brix are similar (col. 8 Table VH 
under Pundia) for all the treatments, there has 
definite fall in sucrose in treatments of 
3W3 lb. N and above. The low figure for sucrose 
at harvest time in the treatment of 75 lb N in 
the case of POJ 2878 seems to be due to its re- 
maining in the field long after its attainment of 
maximum maturity. The other treatments have 


Treatments 

Cane (Tons 
per acre) 

Sucrose 
per cent 

c.c.s. 

per acre 

Period of harvest 

POJ 28T8 

225 Ib. N 

39-55 

43-51 

46-99 



' — — 

300 Ib. ]sr ‘ * 

3751b. 3Sr 

16-28 

1 16-97 

16-34 

6-59 

5- 91 

6- 41 

j First week of February 

^ CO, 419 





225 lb. isr 

aooib.jsr 

375 lb. 

a D. . ‘ ^ * 

54-84 

59-31 

62-12 

4-45 

14-76 

13-56 

12-93 

6-57 

6-33 

6-23 

Fourth week of February 


— 

0-57 
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shown a tendency towards rise in sucrose and it the field during the following season with yerio- 
was, therefore, felt that delaying of harvest dieal sampling till end of April (Table VIII). 
might still increase the sucrose content further. In POJ 2878, 150 lb. N attained the maximum 
In order to test this, the crop was continued in maturity by the end of February while the rest 

Table VII 

Periodical maturity tests 

(Percentage on cane juice 1935-36) 


Mid-September 


Mid-November 


Harvest time 


Treatment 

Brixat 

Sucrose 

Glucose 

Brix at 

Sucrose 

Glucose 1 

Brix at 

Sucrose 

Glucose 

Yield 

0 . c. s. 



17-5«G 

per cent 

percent 17*5®C 

per cent per cent. 

17*5 

per cent 

per cent 

tons per 
acre 

tons 
per acre 

Date of 
harvest 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

POJ 2878-- ! 

, 761b.N ■ . 

14‘7 

10‘4 

1*96 

19*0 

17*7 

0*62 

20*9 

17*5 

0*73 

28*1 

3*27 

31-1-36 

iSOib.N . 

12-9 

8*6 

2*67 

19*9 

17*6 

0*78 

21*8 

18*9 

0*49 

37*8 

4*97 

Do. 

300 lb. N . 

10-4 

6*2 

3*68 

16*6 

13*1 

2*10 

21*9 

18-4 

0*87 

46*4 

5*62 

1-2-36 

4501b.N . . 

10*7 

5*0 

4*12 

15*9 

12*3 

2*23 

20*7 

16*6 

0*92 

45*8 

4*96 

Do. 

600 lb. N . 

9-4 

4*1 

4*26 

15*0 

10*7 

2*23 

20*2 

16*4 

1*02 

49*3 

6*34 

Do. 

Turaia- 

751b.N . 

10-9 

5*6 

4*00 

14*9 

11*5 

2*10 

18*7 

16*0 

1*21 

34*0 

3*80 

24-2-36 

150 lb. N . 

10*7 

6*8 

4*76 

13*0 

9*2 

3*10 

18*9 

16*4 

1*14 

38*0 

4*42 

Do. 

300 lb. N . 

8-4 

2*6 

4*78 

11*9 

7*8 

3*25 

18*4 

14*6 

2*04 

60*8 

4*86 

4^3-36 

460 lb. N . . 

8*9 

2*9 

7*29 

12*1 

7*4 

7*41 

18*8 

14*5 

2*50 

50*1 

4*77 

Do. 

600 lb. N . 

8*7 

2*5 

7*43 

12*0 

7*3 

7*41 

18*5 

13*1 

3*48 

52*1 

4*17 

Do. 


Note. C. C. S. is calculated according to the Srivastava’s formula 

/ 1 ® / 1 _ \ 

2 ^ 100 ' 2 ^ 100 ^ 

Table VIII 
Periodical maturity tests 
(Percentage on cane juice 1936-37) 


S. Treatment 
No. 


Cane 26 Feb. 1937 29 March 1937 17 April 1937 27 April 1937 

yields - .. . - • 0. S, 

(tons I I » I , tons 

per Brix at Sucrose Extrac-I Birxat Sucrose Brixat Sucrose Extrac- Brixat Stxcrose Per 

acre) 17 *5^0. percent tion • 17'5®C percent 17*5®C percent tlon. 17»5°C percent acre 

per cent » , per cent 



1 

2 

3 

4 

5 

6 1 

7 

8 

9 1 

10 

11 

12 


POJ 2878 , 





1 

! 







1 

150 lb, N . 

36*0 

23 *2 

21*4 

36*3 

22*3 j 

20*7 

21*8 

19*8 

26*1 

19*6 

17*8 

2 

225 lb. N . 

42*4 

21*9 

19*7 

40*6 

22*0 

20*0 

20*3 

18*5 

24*2 

19*6 

17*8 

3 

300 lb. N , 

44*1 

20*9 

17*7 

40*6 

22*6 

20*5 

20*5 

18*6 

22*1 

19*1 

17*3 

4 

460 lb. K , , 

■46*5 

20*6 

17*9 

43*4 

22*2 

19*9 

19*8 

17*8 

25*2 

19*3 

17*4 

5 

eOOib.N . 

49*4 

19*7 

17*0 

47*0 

21*4 

18*9 

17*4 

16*0 

28*1 

17*0 

14*6 


Pundia--^ 












6 

150 lb. N . 

42*9 

19*7 

16*5 

53*1 

19*1 

16*8 

17*8 

15*0 

33*8 

16*7 

13*8 

7 

225 lb. N , 

45*4 

18*7 

16*2 

55*0 

18*6 

16*5 

18*9 

15*9 

39*0 

19*8 

16*7 

8 

300 lb. N . 

55*7 

17*4 

14*3 

51*1 

17*5 

14*9 

18*4 

14*8 

39*6 

19*3 

15*3 

9 

460 lb. N . 

53*2 

16*5 

12*7 

65*2 

17*1 

12*3 

17*8 

14*6 * 

38*8 

16*2 

14*0 

10 

600 lb. N 

54*8 

17*2 

13*0 

57*1 

16*8 

12*6 

14*3 

12*4 

. 41*2 

16*5 

12*9 


10 
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showed rise tili the end of March followed by 
a fall in April with the rise in temperature. 
Further tlie highest figure of sucrose is observed 
ill 150 lb. N closely followed by treatments of 
225, 300 and 450 lb. N, while the last one has 
shown a drop by about 1 per cent. In the case 
of Fuiidia, the highest figure for sucrose is 
observed in samples taken on 29 March in the 
treatiuents of 150 and 225 lb. N only. The 
other treatments showed, some rise in later 
saiuplings, but even till last the figure did not 
come up to this maximum one except in the 
case of 800 lb. H. Besides in these later sam- 
plings, there is an appreciable fall in extraction 
(cols. 5 and 10, Table VIII) due to increase in 
pithy fibre and formation of cavity in the centre 
of the stem, which are more pronounced in the 
case of BOJ 2878 than in Pundia. These find- 
ings are of great economic importance in that, 
although increased quantities of nitrogen ma,y 
yield some increase in cane tonnages, they bring 
about delay in sucrose formation, which owing 
to short period of favourable climate, may not 
thus be able to give equally higher yields of 
sugar — an important commercial product. 

The figures for commercial cane sugar given 
in the last column in both the tables are calcu- 
lated on the basis of analytical results at harvest 
time for 1935-86 and on maximum maturity for 
the next season. The comparison of the two 
years’ data clearly shows the advantage of har- 
vesting at the time of maximum maturity as 
even in the case of the same tonnages it has 
given from 0*5 to 0*8 tons sugar more per acre 
during the latter year. These figures further 
give a clear idea of the limits of nitrogenous ap- 
plications. In this respect varieties differ in 
their response according to their inherent 
characteristic of sucrose development. Thus, 
while in the case of early-maturing variety as 
POJ 2878 one can go up to 600 lb, FT’, this* last 
dose of nitrogen is definitely deleterious in the 
case of the late-maturing variety as Pundia. 
Siniilar will be the result with Co. 419 which is 
at present a leading cane in the Deccan Canal 
Tract as it also is a late-maturing variety. On 
economic considerations 800 lb. N appears to be 
the optimum dose for this planting in the case 
of all the varieties. 

B. Mineral nvtrition 

For these investigations the plant material 
from periodical samplings for the growth studies 
was used. During the maturity period a few' 
important constituents w'ere also determined in 
the cane juice and The defeils of the 
methods are given in our previous communica- 


tion^ [liege et aL 1948]. The availability of 
autrients was estimated hy the periodical analy- 
sis of the soil as well as exudates obtained from 
cane stools. In the former case only availability 
of nitrogen could be tested, while in the latter 
P , K and Ca were estimated by the colorimet* 
ric method of Steenkamp [1984]. 

Water content. The water contents of green 
leaves and stems were determined every time 
the plant sampling was done. During 1&5-86, 
monthly figures are available which are further 
averaged according to the three plant phases of 
formative, growth and maturity respectively. 
In the case of leaves, the w'ater content is cal- 
culated both in relation to leaf area and to the 
dry weight, while the figures for stems are based 
on dry weight only. All these are given in 
Table IX. In general, there has been a reduc- 
tion m the water^ content of the leaf with the 
pi ogress of time in both leaves and stems when 
the figures of the ratio of w'ater to dry w^eio'ht 
are considered. Similar ratios of water to leaf 
area, however, show' quite the reverse pheno* 
nienon in that a higher water content is observ- 
ed at the later stages, the grand period stage 
coimiig out the highest in this respect. Similar 
data of later years have confirmed this finding. 
Ihis contradiction ill the figures calculated by 
tiiese^ tw'o methods is apparently due to the 
periodical variation in the dry w'eiglit per unit 
leaf area which is less in the beginning and 
increases with the advance in age. We have 
shown m our previous communication on phos- 
phate that such physiological processes as 
photosynthesis are not at all infiiienced by the 
dry w'eight of the leaf. It is the leaf area which 
IS of imiiortance and in this respect it seems 
that w'orking out the ratios of wiiter content to 
leat area, as recommended by Gre^orv 'md 
Bichards [1929], will give a real pieture* of ^he 
mfluenee of ihe water content, on the various 
physiological processes than the ratios of water 
content and dry weight. 

Coming to the individual treatments, them is 
practically no difference in the water content of 

yarieti..!,. During later stages higher snccnlence 

Srakrf W y^'^tion. Similar results 
aie also obtained m the case of stems. There 

obtained bv 

Das [1986] to sliow that this greater suceulenc; 
m the higher treatments is of anv advantage 

dim 'to ee n-y ho 

due to continuous irrigation which this croplas 
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received throughout its life cycle, which has 
been able to maintain the soil moisture at its 
optimum level for the physiological processes per- 
taining to growth even m the lower nitrogenous 
treatments and therefore this higher succulence 
in the other treatments is not of much use. On 
the other hand dehydration of stems seems to 
have a good reiation with the sucrose formation, 
as the treatments with lower nitrogenous manur- 
ing, which show higher sucrose content in cane, 
are characterized by low water content. Among 
the varieties also POJ 2878, which has shown 
higher dehydration than Pundia, contains great- 


er sucrose. 


Uptake of mineral nutrients. Only four im- 
portant nutrients— N, P, K, and Ga— are esti- 
mated in the difierent organs of the plant 
except roots, whose collection free from clay 
particles in the case of the black cotton soil was 
found to be extremely difficult. The data thus 
obtained were calculated in more ways than one,, 
e.g. per 100 gm. of each part of the plant, per 
100 gm. of the whole plant, and on the basis of 
whole plant, stool as well as acre. The trends 
in the case of the first method of calculation 
have been practically the same as illustrated in 
our previous paper [Bege et al,, 1943] such as a 
higher fail in all the constituents in stems than 
in green leaves with the progress of growth and 
the migration of nitrogen, phosphate and potash 
to other parts when the leaves become physio- 
logically inactive and dry, the highest migration 
being observed in the case of phosphate. Due 
to the limitations of space these data are not 
given. Only the data per TOO gm. of whole 
plant are graphically represented in Fig. 2. 
These curves for the whole plant practically 
reflect the total eflect of the fluctuations in the 
different organs. Among the different nutrients 
nitrogen shows the highest fall followed by phos- 
phates. For instance, taking the starting per- 
centage figures for April as 100, the figure for 
January has shown about 25 per cent of this 
nitrogen, 45 per cent of phosphate, 68 per cent 
of potasli, and nearly the same percentage of 
calcium in 100 gm. of the plant material. In 
the case of potash, even an increased percent^' 
age of uptake continues for a few months after 
April. It is thus apparent that per unit of nitro- 
gen absorbed there is much more production of 
dry matter than in the case of other constituents 
the next in importance being phosphate. Among 
the varieties, a higher leveL of uptake of only 
phosphate is observed in Pundia throughout its 
life-cycle than in POJ 2878 with practically no 
difference as regards the uptake in the other 
constituents. 


Coming to the individual treatments, the 
differentiation in the percentage uptake is only 
evident in the case of nitrogen specially at later 
stages of grand period and at the stage of 
maturity, when the nitrogenous level is much 
less in lower treatments than 300 lb. N and 
above. This is in consonance with the perform- 
ance of the plant in the growth phase discuss- 
ed above and clearly reveals the influence of 
nitrogen on this phase. As regards the other 
constituents the small fluctuations between ohe 
treatments do not show" any definite trend, tlie 
uptake being on the whole practically similar 
in all the eases. This has affected the ratios of 
nitrogen to other constituents, which continues 
to be higher in the higher treatments. This 
unbalanced nutrition may be the reason of the 
continued growth and low' maturity observed in 
such higher doses as 450 and 600 lb. N. The 
application of a basal dose of 100 lb. P2O5 as 
superphosphate during the following season of 
1936-37 has also been ineffective in improving 
these ratios. This has been already shown 
[Bege et al., 1943] to be due to the increase 


iv: the uptake of nitrogen as a result of 


phosphatic application. Similar results have 
been obtained by Dutort and Beaker [1939], 
who found greater absorption of N by Co. 301 
with greate^r quantity of P2O5 in the soil. 


From the standpoint of the practical agricul- 
turist the total uptake per acre is of importance 
and is therefore given for a few- periods in Table 
X. As the optimum uptake varied according to 
the treatiuents from October to December, the 
figures under this heading represent the iii)take 
in different months and not at the harvest time, 
as all the constituents at this time show a fall. 
It seems that as the cane attains maturity there 
is a return of plant food to the soil and harvest- 
ing the crop at its maximum maturity, besides 
giving higher .yields of sugar or gul will also 
contribute to the agricultural economy, as less 
plant food is then removed. 

Tlie data clearly prove that cane plants absorb 
the principal nutrient elements in widely differ- 
ent amounts, potasli being taken up to the 
greatest extent and phosphate the least. Tfie 
uptake of nitrogen and calcium is intermediate, 
that of the former being slightly higher than 
that of the latter. Further the rate at which 
several nutrients are absorbed varies with the 
age of the plant but not always in the same 
degree for each nutrient. This would be clear 
if one assumed the optimum uptake to be 100 
and calculated the uptake at earlier stages on 
the basis of it. It would be then seen that the 
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Table IX 
Water content 




Functioning leaf 

Stem 




Water 



Water 



Water 


Treatment and variety 



Xeaf area 



Dry weight 



Dry weight 




Formative 

stage 

Grand 

period 

stage 

Maturity 

stage 

Formative 

stage 

Grand 

period 

stage 

Maturity 

stage 

FormatiYe 

stage 

Grand 

period 

stage 

Maturity 

stage 

POJ 287 











751b. N, . . ■ . 


0*31 

0*38 

0-33 

3*3 

2*6 

1*6 

7*3 

4*5 

2-6 

150 lb. N . . 


0-29 

0*38 

0-34 

3*6 

2*7 

1*8 

9*7 

4*8 

2*5 

300 lb. N . . . 


0-30 

0*39 

0-34 

3*2 

3*3 

2*1 

9*6 

5*3 

2*0 

450 lb. N . 


0*35 

0*42 

0-35 

3*4 

3*2 

2*3 

12*4 

5-8 

3*2 

600 lb. N . . . 


0-31 

0*45 

0-38 

3*6 

3*3 

2*5 

15*8 

6-4 

8*4 

Average 


0*31 

0*40 

0-36 

3*4 

3*0 

2-1 

11*0 

5*4 

2*9 

C. D. between any two 
treatments . ' . 


0*120 

0-026 

0-106 

0*970 

0*49 

0*47 


0*79 

0*75 

Fundia— 











751b.N . ' . 


0*32 

0-43 

0-30 

3*5 

3*1 

2*2 

11*0 

5-4 

3*6 

150 lb. N 


0*30 

0-42 

0-39 

1 3*4 

2*9 

2*5 

9*0 

6-1 

3*6 

300 lb. N 


0-33 

0-42 

0-38 

8*3 

3*6 

3*0 

9*4 

7*7 ■ 

4*4 

4501b.N . 


0*28 

0-42 

0-39 

2*9 

3*2 

2-7 

10*4 

6*8 

3*8 

600 lb. N ’ . . ■ . 


0*83 

0-39 

0-37 

4*1 

3*2 

3*1 

9*1 

7*5 , 

4*3 

Average 


0*31 

0*42 

0*37 

3*4 

3*2 

2*7 

9*8 

6*7 

3*9 

C. B. between any 
treatments . 

two 

0*106^ 

0-078 

0*099 

0*69 

0*49 

0*69 


1-98 

1*26 


■Table X 

Uptake of nutrients per acre in lb, 19M-36 


Treatment and 
variety 

n 

Mid-May 

Before earthing 

Optimum 

Percen- 
tage of 
nitrogen 
utilized 



KtO 

CaO 

N • 

F.O, 


CaO 


F.O, 

K,0 

CaO 

1 

2 

3 

4 

6 

6 

■ » 

8 

9 

10 

11 

12 

18 

14 

POJ 2878— 














75 lb. N 

31-9 

10*1 

68*3 . 

19*4 , 

33*1 

12*1 

99-2 

16-8 

87-7 

57 -.1 

365*0 

75-2 

116-9 

150 lb. N 

42*4 

13*4 

83*6 

16*7 

60*2 

18*5 

197-9 

23*2 

rl23*3 

85*7 

442-2 

,89-4 

82-2 

300 lb. 3S[ 

32-6 

8*2 

82*6 

16*7 

57*4 

9*5 

137-i 

25*2 

227*2 

121-6 

580-9 

177*3 

75*7 

450 lb, N 

50*9 

9*0 

98-4 

15*0 

92*3 

13-8 

1991-3 

26*2 

215-7 

109-5 

581-8 

185*5 i 

47-9 

600 lb. N 

42*3 

11*1 

78*5 

15*7 ; 

77*3 

21-5 

217-5 

23*0 

213*0 

112-8 

697-1 

1X9*4 1 

35-5 

Fundia — 














75 lb. N 

■■ 25*7''''.: 

■3*4 

58*0 

10*6 

34*0 

9-5 

102-5 

15-1 

79*7 

71-2 

364-1 

93*6 

:■ ( 

106*3 

150 lb. N 

24-7 

10*6 

62*5 1 

5*2 

47*9 

10*4 

112*3 

16*2 

90*1 

80*8 

397*6 

88*6 1 

60*1 

300 lb. . 1 

' 27-7 

9*1 

59-9 

10*1 

81*9 

12-5 

104-6 

18*0 

151*2 

114-3 

631*9 

134*5 j 

66*4 

450 lb. N 

26-9 

7*2 

55-8 

■ 9-3 

49*6 

' 21-2 

93*0 

39-7 

121*9 

100-9 

570*1 

121*6 i 

27*1 

600 lb. N 

22-7 

6*3 

1 52-1 

10*3 j 

! 29*2 

17*1 

92-2 

20*4 

132*8 

89-3 

408*0 

113*5 1 

22*1 
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that of phosphate about 15 to 20 per cent only. 
It will also be interesting to note that the major 
uptake of all the constituents takes place within 
three to four months after earthing up which 
coincides with the grand period of growth. Com- 
ing to the individual treatments the differentia- 
tion in the uptake of all the constituents is not 
so very evident till earthing up, i.e. up to six 
months, except in the case of 75 lb. N mainly 
in POJ 2878. This practically confirms the 
findings of Das [1936] who has stated that the 
uptake in either low, medium or high nitrogen 
series was the same up to about eight months 
when tlie difierential effect of treatments began 
to manifest. In our experiments also it is only 
later that the differentiation is apparent and 
that also up to 300 lb. N the figures for nigher 
nitrogenous series being practically similar to 
this treatment. In the case of Pundia there is 
in fact an indication of same deleterious effect 
on the uptake of these high nitrogenous doses. 
The application of a basal dressing of superphos- 
phate at the rate of 100 lb. P2O5 during the next 
season has amended this by showing an increas- 
ed uptake in these higher treatments over 800 lb, 
N with practically no difference in the figures 
for treatments up to 300 lb. N. Thus evidently 
while there could be a proper agrobiologic 
balance in the soil solution with nitrogenous 
top dressings up to 300 lb. NP, quantities above 
this figure had created a disturbance in this 
balance. 

In column 14 (Table X), the optimum uptake 
of nitrogen has been expressed as the percentage 
of the amount of N actually applied in top- 
dressings in different treatments. The figures 
are very instructive as they show that as the 
application of nitrogen increases the relative 
efficiency of its utilization decreases. Except in 
the lowest treatment of 75 lb. N, in which there 
has been actually a drain on the soil nitrogen, 
all other treatments have shown less uptake 
than the quantity of nitrogen applied. This has 
further varied according to the variety, Pundia 
being less efficient in this respect than POJ 2878. 
In the high N series as 450 and 600 lb. N, the 
nercentage uptake specially in the case of 
Pundia is practically negligible. Even in 300 
lb. N, about 44 per cent of nitrogen is not uti- 
lized in this variety, while in the case of POJ 
2878 this figure comes to 25 ner cent. It will 
he thus apparent that from the standpoint of 
the efficient absorption of nitrogen applied, 
POJ 2878 can take up higher^ nitrogenous close 
than Pundia and that in Hghbr nitrogenous 
series, much of the nitrogen so applied is not 
utilfeed- by the ci*op. A part of it has remained 


no doubt in the soil and has given improved 
yields in the case of the rotational crop of 
cotton which followed the cane crop. 

Minerals in cane juice and quality of guL 
During 1935-36 the cane juice was periodically 
anaiysed from September onwards for mineral 
constituents as N. P, K, Oa, Mg and Na, In 
the case of N, amide N was also determined 
according to the method of Pucher [1935] . The 
data are given in Table XI. In order to reduce 
the size of the table, figures for the last three 
constituents are omitted from the table, as they 
did not show any variation between the treat- 
ments. From the juice obtained in the month 
of January, gul was prepared and it was simi- 
larly analysed. From the figures so obtained, 
the percentage constituents of the juice retained 
ill the gul were calculated. The quality of this 
gtd was also determined by tintometer colour 
standards. All these data are also included in 
Table XI. 

These figures in combmation wiih those for 
the purity of juice given in Table yil will show 
that the concentration of the mineral consti- 
tuents in juice increases with the progress of 
maturity. It seems that there is a rapid trans- 
location of them from the leaves to stems, once 
the growth is completed. In the case of nitro- 
gen, simultaneously with its increased concen- 
tration there is a fall in the soluble nitrogen, 
which indicates synthesis of proteins. Coming 
to the individual treatments, there is an increase 
in total nitrogen with consequen'f increase in 
soluble nitrogenous compounds with the gradu- 
ated nitrogenous doses. The reverse is, how- 
ever, the case with phosphate, while potash 
seems to be practically similar in all the treat- 
ments during most of the periods. Among the 
varieties, Pundia shows a much lower concen- 
tration of all these mineral constituent's than ' 
POJ 2878. Further, the ratio of IST/PgOr, 
is approximatelv one in this variety as against 
two in the other case. Similarly the ratio of 
N/K2O :s Tower in Pundia. Among the treat- 
ments the ratios, speciallv of widen 

with increased nitrogenous manuring. The 
analvses of mil show that a higher percentage 
of nitrogen is removed hv prpcinitation during 
the nroeess of manufacture of mil in the case of 
Pondia than iu POJ 2878 in which speciallv the 
mil from the higher uitroo*eunus treatments 
rni.airiR n o-r eater nronortion of nitrogen. On the 
rvfhpr Tiand in these higher treatments, thoi’e is 
a greater loss of glucose which may be due to 
fha dcfitriiotivA nctinri of alkali Qnltc. Tt is 
ofill o moot point. Lowovcr as to how far these 
reactions are responsible for the quality of gut 
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Table XI 


Per cent mineral comtituents in juice and gul 1936-36 


Treatment 

and 

variety 




Amide N 

Percentage of total 
N 

Pericent constituents retained 
in from juice 

Colour 

ratios 

yellow 

Sept. 

Nov. 

Jan. 

Sept. 

NOV. 

Jan. 

Sept. 

Nov. 

Jan. 

Sept. 

Nov. 

Jan. 

Total 

N 

P«05 


Amide 

N" 

Glu- 

cose 

red 

POJ 2S7 8-- 
751b.X . 

>0079 

•0065 

•016 

•0225 

•0155 

•0173 

•209 

•236 

•270 

5-4 

8*2 

9-1 

56*4 

76*0 

38*3 

13-3 

82*8 

3*4 

ISO Ib.lir . 

•0136 

•0085 

*024 

•0130 

•0131 

•0181 

•258 

•284 

•300 

7*1 

7-6 

8-3 

51-5 

84*0 

39*1 

19-1 

74*9 

3-1 

300 lb. N . 

•0210 

*0161 

•023 

•0094 

•0079 

•0139 

•176 

•219 

•252 

17-1 

9*4 

8*7 

86*9 

85*8 

80*1 

11-7 

62*9 

2*0 

450 lb. N . 

• 0369 

•0370 

•049 

•0095 

•0128 

•0159 

•187 

•242 

•291 

19-9 

14-3 

13*9 

75*2 

80-5 

78-3 

8-3 

56*8 

.2*1 

600 lb. K . 

•0395 

•0290 

•069 

•0071 

•0141 

•0149 

•150 

•248 

•235 

21-7 

23*1 

14-5 

84*3 

59-0 

88-8 

14*1 

62*9' 

2*2 

Pundia— 



















751b.X . 

•0076 

*0049 

•0099 

•0094 

• 0136 

•0158 

•197 

•161 

*152 

... 

11‘0 

5*2 

45-2 

89-8 

82-3 

18*1 

77*7, 

4-0 

150 lb. N . 

•0075 

•0073 

j 

•0083 

•0146 

•0158 

[ 

•0153 

•150 

•169 

•150 

10-9 

8-2 

6-5 

70-6 

77*4 

91*6 

18*8 

50*0 

3*9 

300 lb. N . 

•0082 

•0129 

‘0189 

•0094 

•0128 

•0125 

•142 

•153 

-200 

16-0 

13*0 

12*3 

53*3 

77-1 

80*5 

8*7 

60*6 

3*9 

450 lb. N . 

•0260 

•0137 

•0208 

•0144 

•0122 

•0116 

1 -137 

•150 

•176 

16-8 

26-4 

13*0 

55-8 

62*9 

85-1 

9-4 

28*8 

3*2 

600 lb. N , 

•0240 

•0280 

•0307 

1 

•0113 

•0145 

•0120 

•133 

•178 

•216 

21-0 

13' 9 

15-0 

49-0 

56*3 

66-9 

9*7 

36*3 

■3-2 


as judged by its colour- According to the to the difterenees in the root system of the two 

market standard yellow colour fetches a greater varieties already described by Eege and Wagle 

price and the higher ratio of yellow to red thus [1941]. Owing to the greater depth of yoot 

indicates a better quality. A close relationship penetration POJ 2878 is able to tap lower soil 
of the ratio of N/P2O5 in the juice from 'the depths. Similarly the thin profusely branching 
different treatments and the colour standards of root system has been of advantage to Pundia 
gul obtained from it is, however, visible. That in the case of P2O5 which would be more avail- 
the presence of phosphate improves the colour able in the surface soil layers owing to the basal 
of guli& further confirmed by a practical method application of superphosphate to all the treat- 
of addition of' superphosphate to low-quality ments during this season. In the absence of 
juice just before the striking point of gul in similar analysis during previous years, when 
order to secure, this yellow colour. / 'phosphatic manuring was not resorted to, it is 

Availability of nutrients. This has been esti- very difficult to say whether normally Pundia 

mated in the ease of nitrogen only by the w^ould have shown a higher availability of PaOgas 

analysis of soil for nitrates. This niethod was observed during this season. Coming to the in- 
generally followed till the formation of cane dividual treatments, the availability of all these 
when the exudation method of Weller [1931] nutrients is at its maximum between June and 
was adopted in order to determine the avail- August in the case of POJ 2878 and a month 
ability of TST as well as the other two nutrients of later in Pundia. In the treatments above 800 lb, 
P and K. In order to secure the exudate, all N, these nutrients continue to be available even 
the canes of the stool are cut and connected much later. While the rise in the availability 
with a sterile fiask with sterile tubes and the of nitric N, -between June and August is expli- 
exudate so obtained from four such stools were cable by the dose of nitrogenous top-dressing 
analysed, for 'these three constituents by the applied in June at the time of earthing, similar 
colorimetric method of Steenkamp [1934]. rise in the case of and K2O indicates mainly 
Soil nitrates have m general shown a higher the period required by these constituents in 
gradient with higher nitrogenous treatments the soil to become available although there may 
with its accumulation in the balk. It is thus be some contribution from the oilcakes applied 
evident that nitrates thus. formed are not all in top -dressings, This maximum availability 
utilized by the crop during this period, The of all these nutrients closely corresponds with 
exudation ‘studies fPig. 3) have further revealed the grand period phase of the plant growth 
that POJ 2878 is capable of securing higher when the major absorption by the plant, takes 
quaTitity of mineral nutrients than Pundia place. These findings may explain the reason 
except in the case ofPgO^ . This can be ascribed ^vhy the standard chemical and plant methods 
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1 ^: 



Fig. 3. Exudation studies — 1936-37 


far determining available PgOg do not always 
give cjonsistent results about the phosphatic 
status of the soil in the case of such a long-term 
crop as sugarcane. The exudation studies have 
also revealed the cause of the variation in the 
ratios of N to other constituents in the plant 
in the different treatments. It will be seen 
that while curves for P2O5 and K2O are similar 
in the case of all the treatments, there is a big 
difference in the ease of N with a definif^ gradi- 
ent according to the treatments. Thus a higher 
quantity of PgOg or KgO will be available for 
absorption per unit N in the case of lower nitro- 
genous series than in the higher ones. 

Summary and conclusions 

The problem of the nitrogen fertilization of 
sugarcane is of extreme importance . in the 
Deccan Canal Tract, as the cultivation of the 
crop involves a large expenditure on nitrogenous 
top-dressings alone. In the present T*esearch 
work on January-planted cane, the treatments 
varied from 75 to 600 lb. N in graduated doses 
and the. paper embodies the results of these 
treatments on the development of the plant, 
sucrose formation and mineral uptake which are 
summarized below : 

(11 Practically all the plant phases are favour^ 
ably influenced by nitrogenous manuring. In 


the ease of germination an application of quick 
acting fertilizer as sulphate of ammonia is effec- 
tive, the minimum dose for securing optimum 
germination being 15 lb. N at the time of plant- 
ing. Increasing this dose even up to 60 lb. N 
has been of no further advantage. 

(2) The tillering capac^^^ is dominated by the 
conceniration of nitrogen in the soil solution, as 
both low as well as high concentration affects 
this phase adversely the first by lowering its 
activity and the second by increasing it to 
abnormal proportions. The higher limit also 
differs for the varieties, POJ 2878 standing a 
higher concentration than Pundia among the 
two varieties under study. A nitrogenous dose 
supplying between 50 and 100 lb. available N 
is found to be the optimum one for this phase. 

^ (3) Although the relative growth rate is prac- 
tically similar in all the treatments except in 
the case of the lowest dose of 75 lb. N, it is 
in the continuation of growth that the effect of 
increasing applications of nitrogen is visible. 
The differentiation between the treatments 
appears^ after about eight months when the 
growth in the lower nitrogenous series practically 
ceases. 

(4) Nitrogen favours increase in the number 
of functioning leaves as well as the length and 
width of the leaf. Although there ig no signi- 
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ficaiit increase in tile rate of carbon assiinilatioii 
witk increased nitrogenous doses tiie total 
synthesis of carbohydrates are expeGted to be 
higher owing to increased leaf area. Eurther 
nitrogen promotes succulence in cane, i.e. there 
is more water per gram of dry matter. The 
optimum limit of nitrogen for aii these beneficial 
physiological characteristics appears to be WO 
lb. N, higher mtrogenous doses showing in most 
cases insignificant variation from this treatment. 

(5) itstimation of the relative contribution to 
the total cane tonnages has shown that the first 
order stalks contribute only BO to 85 per cent in 
the case of POJ 2878 and 15 to 20 ger pent in 
Pundia, the rest being practically inade up by 
the tillers formed in April and May. It has 
been further observed from the weight of the 
individual canes that generally the growth of 
the first order stalks is poorer than that of April- 
formed tillers. In higher nitrogenous series 
similar results are also obtained in May -formed 
tillers in the case of Pundia. 

(jo) Increasing application of nitrogen increases 
the cane tonnages but decreases the concentra- 
tion of sucrose in the expressed juice. It is 
observed that owing to short period of climate 
favourable to sucrose formation, delaying of 
harvest does not help in the formation of maxi- 
mum sucrose in higher manuring. The com- 
mercial cane sugar per acre is a good criterion 
for fixing the limits of nikogenous Jop-dressmgs 
which, however, vary according to the inherent 
characteristic of sucrose development. Thus, 
while in the case of early maturing variety as 
POJ 2878 one can go up to 600 ib. N, this last 
dose of nitrogen is definitely deleterious in the 
case of late maturing variety as Pundia. Similar 
v^7ill be the result with Co- 419 which is the 
leading cane in the Deccan Canal Tract as it is 
also a late-maturing variety. On economic con- 
siderations 300 lb. N, seems to be the optimum 
dose for the January planting in the case of all 
the varieties. 

(7) Calculation of the water content of the 
leaf, both on dry weight basis and on leaf area, 
has given contradictory results owing to the 
increase in dry weight per unit leaf area with 
advancing age. From the standpoint of the 
physiological processes the latter method of 
calculation is found to be more suitable than 
the former. 

(8) Studies in the mineral uptake have shown 
the diSerentiation in the percentage uptake only 
in the case of nitrogen which is very clear at 
later stages of grand period and at the maturity 
stage. The percentage uptake of other 
nutrients is practically similar for all treat- 


ments, and this creates an unbalanced 
nutrition resulting in continued growth and low 
sucrose formation in higher nitrogenous doses. 
The tigurea for uptake per acre have shown that 
the optmnm uptake of ail these constituents is 
cumpieted between October and December 
depending upon the treatments. Out of this, 
about 40 to 50 per cent in the case of N and 
KgO and 15 to 20 per cent of P^Os and 
UaO are taken up during the first six months, 
i.e. before earthing up. These findings are of 
greater importance m the evolution of an 
cjmcient system of manuring. As the cane 
attains maturity ail the constituents shown a 
laii and this shows that harvesting the crop at 
Its maxim um maturity besides giving higher 
yields of sugar or guL -wili contribute to 

greater economy as less plant tood is removed. 
Among the principal elements potash is taken 
up to the greatest extent and phosphates the 
least, the uptake of nitrogen and calcium being 
mtermediate. lilstimation of the per cent up- 
take from nitrogenous top dressing has shown a 
decrease with inoreasmg doses, Fundia bemg 
the least ehicient m tms respect. 

The concentration of the mineral cons- 
tituents in the expressed juice increases with 
the progress of maturity as a result of the rapid 
translocation of these from the leaves to stem, 
once the growth is completed. With increasing 
application of nitrogen there is an increase in 
total as well as soluble nitrogen and decrease in 
the phosphate content. Among the varieties, 
pundia shows a much lower concentration of ail 
these mineral constituents in the juice with a 
lower ratio of N/P2O5. The good coloured 
obtained in this variety appears to be due to 
this. 

(10) Availability of nutrients has b^en studied 
both by periodical soil analysis for nitrates and 
exudation studies for all the major nutrients. 
The latter method has revealed that POJ 2878 
is capable of obtaining higher quantity of 
mineral nutrients than Pundia owing to the 
greater depth of the root penetration. The 
availability of all the nutrients is at its 
maximum during June to August in the case of 
POJ 2878 and a month later in Pundia. While 
this maximum availability of nitrogen is explic- 
able by the big dose of mtrogenous top-dressing 
which the crop receives in June at the time of 
earthing up, such a late availability in the case 
of the other constituents indicates the time 
required by these soil constituents to come into 
soil solution, although there may be some con- 
tribution from the oil cakes applied at the time 
of earthing. This time coincides with the major 
uptake of all its nutriment by the plant and 
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this seems to be the reason why the standard 
chemical and plant methods for determining 
available do not always give consistent 

results about the phosphatie status of the soil 
in the case of such a long-term crop as sugar- 
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STUDIES IN THE PERIODIC PARTIAL FAILURES OE THE PUNJAB- 
AMERICAN COTTONS IN THE PUNJAB 

X. THE INTERRELATION OF SOWING-DATE, NITROGEN, WATER-SUPPLY AND 
SPACING ON GROWTH AND YIELD OF 4-F COTTON* 

By R.H. Dasttje andMuKHTAR Singh, Punjab Agricultural College, Lyallpur 
(Received for publication on 23 September 1942) 


r THB results discussed in the preceding con- 
tribution [Dastur and Mukhtar Singh, 1943] 
showed that nitrogen was the determining factor 
for growth and yield of the cotton crop on light 
sandy soils, and water supply was of secondary 
5 importance. But, when the level of fertility 
was high, water supply also became a limiting 
factor. Consequently, the best development and 
the maximum yields were obtained when levels 
of both of these factors were simultaneously raised. 

Applications of sulphate of ammonia as a 
general ameliorative measure for tirah caused 
by nitrogen deficiency involves a practical diffi- 
culty. Light sandy soils are interspersed with 
those possessing alkaline or saline subsoil. While 
the former respond so well to nitrogen, the latter 
are insensitive to its use. The magnitude of 
response in a particular field would, therefore, 
depend upon the relative distribution of the two 
soil types, other conditions being constant. Con- 
sequently, the problem of manuring is rendered 
complicated. 

*The investigations described in this paper were 
carried out in the Punjab Physiological (Cotton Failure) 
Scheme financed jointly by the Indian Central Cotton 
Committee and the Punjab Government 


^ One of the methods of approach to meet this 
situation was to devise alternative ways for 
raising crop yields without recourse to artificial 
applications. The most practical way of accom- 
plishing this was conceived to be delayed sowing. 
This aimed at economic utilization of the avail- 
able nitrogen and water by reducing the plant 
size. 

Deficiency of nitrogen and consequently tirah 
may well be minimized by delayed sowing but 
it may also lower the yields by reducing the size 
of the plants, since yield depends on the plants' 
scaffolding as well. Thus what may be gained in 
boll size may be lost in boll number and at times 
the loss might even exceed the gain. It was, there- 
fore, necessary to examine the problem of spacing 
in relation to sowing date. 

The foregoing considerations necessitated the 
introduction of sowings date and spacing factors 
in addition to nitrogen and water, in the 1939-40 
experiment. Phosphorus and potash were omitted 
as they did not produce appreciable increases 
in yield m any of the previous experiments. 

There is lack of published data on the inter- 
relation of above-mentioned factors for the Punjab 
or India. This type of work has, however, been 
done in the Sudan in recent years with useful 
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results [Gregory ei^ ah 1932 ; Lambert and Crowtber, 
1935]. Additional features of tbe studies pre- 
sented here are that they are supported by develop- 
mental data and have been made in relation 
to the soil conditions. 


Sowing date 

dt -12/5/39 
2/6/39 
= 22/6/39 


Desceiptioh of the exbebimbnt 

This experiment was conducted on light sandy 
soil in the rotation — wheat— j5ona — ^cotton. The 
treatments were all combinations of : 

Nitrogen Water , moim 

= Control "1 r == Normal wtgs.l f Si « 2 ft. x l^ ft. 


Nitrogen 

0 Control 
71 = 50 lb. N. 
per acre 
on 14/8/39 


'I f M?i == Normal wtgs. 1 
f X -{ Heavy wtgs. >• J 
i,frommid-Angust J 


= 2ift. x2i ft. j 


It was necessary to reduce the block size by 
confounding. A balanced arrangement in six 
12-plot blocks, as developed by Yates [1937], was 
adopted. 

The plot size at sowing was 32| ft. X it. 
= 1/22 -I acre, accommodating 16 rows in 

and 13 in plots. The size of the plot for yield 
was 14 ft. X 48 ft.=l/64- 8 acre and 12| ft. X 47J ft. 
= 1/81 -5 acre in /S', and ^2 plots, respectively. Part 
of the plot area at borders was rejected as non- 
experimental and the rest utilized for dry- weight 
sampling. 

It may be noted that sowings were spaced at 
an interval of 20 days. Plots designated as dl, d2 
and <?3 received ?, 6 and 5 irrigations respectively. 
The first irrigation was applied in the 5th week 
after sowing in all cases. Subse0.uent waterings 
were given at intervals of 20 days approximately, 
for uniformity of conditions and agricultural con- 
venience. This plan enabled the irrigation for 
the different sowings to fall on the same day. 

General observations. The season 1939-40 was 
characterized by a long spell of heat and will 
be remembered for its dryness. But there were 
no visible symptoms of abnormal desiccation 
on the plants even under normal conditions of 
watering on this type of soil. The plants began 
to turn yellow even before the middle of August. 
Nitrogen application revived them in colour, 
freshness and lustre after a week, and 
and gradually expressed itself in growth, the 
condition of the unmanured plants went from 
bad to worse. Even the fruiting parts were 
chlorotic. Late-sown plots were darker an 
greener when compared with the early-sown at 
the same stages of morphological development, 
and so were the widely-spaced plants in com- 
parison to the thickly-spaced ones. 

ExPBEIMENTAL EBStTLTS 

A great deal of developmental data at periodic 
intervals were collected. The values at the 
final stage and the aggregate, yields were sub- 
jected to statistical analysis appropriate to the 
design. Table I shows at a glance the significant 
effedis in case of the yield and the different vegeta- 
tive and the reproductive characters. 

The main effects of all the four factors on 
the different characters are significant, except 


those of water on flower production, boll number 
and node number, and of spacing on boll weight 
and yield. Of the first-order interactions those in- 
volving watering are not significant and all others, 
viz. sowing date X spacing, sowing date X nitrogen 
and spacing X nitrogen, merit consideration as 
they appear significant, in one form or the 
other, in the development of the plant. Of the 
high-order interactions, DxSxN alone deserves 
a reference. 

All the main effects and the significant inter- 
actions on the basis of the statistical analysis 
have been presented in the form of summary 
tables, for the vegetative characters and the 
reproductive characters. Main differences with 
the corresponding standard errors are also given. 
Significance of the differences is indicated by 
asterisks as usual. 

Dates. The dates have influenced significantly 
the entire plant development (Table II). The 
nature of responses, however, is dissimilar for 
the different characters. As the three sowings 
were equally spaced, the two comparisons cor- 
responding to dates have been split up into the 
liTipa.r and the quadratic responses. The linear 
measures the response to 40 days’ delay in sowing 
and is given by d3— dl. The quadratUs is a 
measure of curvature or deviation of the beha-viour 
of the central sowing from the linear trend, and 
is given by 

In the case of height the linear component 
is significant. The plant height decreases with 
delay in sowing but the decline is not progressive. 
The linear behaviour is conditioned and the 
quadratic response comes out significant. 

The quadratic component is again significantly 
revealed in case of internodal length since the cen- 
tral sowing has given the longest internodes, 
the extreme sowings giving equal. Node pro- 
duction falls off successively from the first to 
the last sowing but not proportionately. The 
decrease is more rapid after the second sowing. 
In case of dry weight per plant or per square 
yard as well as flower production, the decline 
with delay in sowing is definitely linear and the 
quadratic component is suppressed. 

Tlie direction of effect on the setting percentages 
is the reverse of that on flower production. The 
percentage of flowers maturing into bolls 
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Table I 

‘ F ’ values of the significant effects for the vegetative and the reproductive characters 


[XIV 


Due to 


B.E. 

Height, 

No. of 
nodes 

Internodal 

length 

Di-y wt. per 
plant 

Flowers 

Boll 

number 

Boll 

weight 

Yield of 
l^apas 







44 

44 

44 

44 

* 

. 


1 ' 

45*63 

188-5 

41 


230-8 

221-5 

15- 79 

13*80 

5-95' 

44 

. 


1 

29*97 

6-8 

44C 

28*99 

4:* 

*44 

"44 

3-97 

44 

'”44 

8*81 

44 

■X:' V* '■ 


1 

92*53 

81-9 

43*36 

*4 

156-4 

4 

130*6 

75-2 

35*11 

4 

159-74 

4 ■ ■ 



1 

11*65 


7*88 

44 

6*27 

44 

‘44 

*44 

5*38 

4*01 

'S'''".' 


1 

41*42 

67*1 

10*42 

142*61 

44 

26*3 

44 

9*9 

*‘*44 " 

‘**44 ■■ 

n X X . • 


2 




18*31 

7*44 

2*59 

7*42 

7*50 

D":x 'W 


■ 2 - . 

[ 



4 

“*44 1 


**‘44 



n X s . . 


2 

7*39 

8*4 

4*19 

12*31 


5*56 



NxW . 


1 

* 


*’*44 

... 

4 

... 

4 

4 

N X S . 


1 

5*38 


8*65 

***44 

5*84 


5* 73 

6*33 

W X S . 


1 




10*51 





B X X W . 


2 






4 



D X N X S 


2 




j 


3*56 



D X W X S . 


2 




1 


... 



N X W X S . 


1 




, , ... 1 





D X X W X S 


I ^ 



1 

1 






= Significant at 5 per cent level ** = Significant at 1 per cent level 

Table II 

Main effects of sowing date on the vegetative and the reproductive characters 



Height 

(cm.) 

No. of 
nodes 

Inter- 

nodal 

length 

(cm.) 

Dry wt. 
per 
plant 
(gm.) 

Dry wt. 
per sq. 
yard 
(gm.) 

Flowers 
per sq. 
yard 

Setting 

percent- 

age 

Bolls 

per 

sq. yd. 

Seed 

cotton per 
boll 

Yield 
inmd. 
per acre 

di . 

81-9 

35*7 

2*28 

237 

482 

261 

25*5 

55*1 

1*365 

11*17 

t?, . . . . 

84*1 

34*2 

2*45 

181 

370 

203 

29*4 

54*5 

1*515 

12*01 

(23 . . * . 

. . . . 

71-0 

44 

^10-94: 

4» 

31-2 

44 

—4-52 

4 

. 2*27 

—0‘006 

4* 

118 

44 

^118- 9 

248 

44 

^233-8 1 

132 

44 

— 12 s ‘8 

36*3 

44 

+ 10^83 

45*4 

44 

-9-68 

1*573 

44. 

^ -\-0^208 

9*66 

4 

•^1*51 

B»i . 

—U-36 

~-l-48 

--^0-354 


—9-8 

—13-4 


-8-42 

‘-0>0$2 

— 3*i<? ' 

S.B.a’KforBO 

±1*62 

±0*33 

±0-038 

±7*8 

±20*2 

±8*65 

±1*06 

±2-44 

±0*056 

±0-601 

S, E. (2) (for D“) 

±2*80 

±0*57 

±0-066 

±13*6 

±35*0 

±14*99 

±1*84 

±4*22 

±0*096 

±1*043 


^ , - - -- ^ - - advances. 

Higher setting percentages in the later sowings 
have improved their status so far as boll numbers 
are concerned. This is why, the decrease in boU 
number is inappreciable from the first to the 
second sowing, nevertheless the reduction is 
still substantial in the third sowing- Thus 
the compensation has been inadequate in case 
of the last sowing The quadratic response to 
dates on boll-number is, therefore, on the verge 
of significance. 

As in the case of setting percentage, the linear 
response to dates on boll size is positive and 
significant. The gradual increase in boll 
size with delay in sowing have affected the yield 


performance of the sowing dates. The second 
sowing has given the maximum yield. However, 
the yield in the third sowing in spite of the maxi- 
mum boll weight continues to be lo>ver than 
the first two sowings. The reason for this decline 
in yield will be clear later when the interactions 
of dates with spacing and nitrogen are considered. 

Nitrogen. The dominating influence of nitro- 
gen on growth, amelioration of tiralc^ and improve- 
ment in yield is clearly established by the results 
of this experiment (Table III). The evidence 
obtained fully confirms the previous findings 
[Dastur and Singh, 1943] and needs no further 
elaboration. It is, also noteworthy that the set- 
ting percentage is unaffected by nitrogen. 
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Table III 

Main effects of nitrogen on the vegetative and the reproductive characters 



Height 

(cm.) 

Xo. Of 
nodes 

Inter- 

nodal 

length 

(cm.) 

Bry wt. 
per 
plant 
(gm.) 

Bry wt. 
per sq. 
yard 
(gm.) 

Flowers 
per sq. 
yard 

Setting 

percent- 

age 

Bolls 

per 

sq. yd. 

Seed 
cotton 
per holl 

Yield 
in md. 
per acre 

0 . . . . 

72*7 

32*4 

2*23 

139 

279 

158*1 

30*41 

43*04 

1*349 

7*95 

n 

85*4 

♦♦ 

34*9 

2*44 

219 

455 

♦* 

238*9 

30*34 j 

60*29 

1*620 

* 

13*95 

Bifr. . . . . 

+ 12*72 

+ 2*^5 

+ 0-204 

+ 79-9 

+ 175-3 

+ 80-8 

—0-07 

+ 17-25 

+ 0-271 

+6-00 

S. E.d. . ' , , 

ilv32 

±0*27 

±0*031 

±6*4 

±16*5 

±7-07 

±0*87 

±1*99 

±0*045 

±0*491 


Heavy watering has neither affected increase in yield is, however, very small but as 
the production of flowers nor of bolls but it has none of the interactions of watering have come 
increased significantly the height through elonga- out significant, this small increase is consistently 
tion of internodes and the yield through improve- obtained at all levels of the other factors, 
ment in boll size (Table IV), The magnitude of 

Table IV 

Effect of water on the vegetative and the reproductive cha7’acters 



Height 

(cm.) 

No. of 
nodes 

Xnter- 

nodal 

length 

(cm.) 

Bry wt. 
per 1 
plant 
(gm.) 

Bry wt. 
per sq. i 
yard 
(gm.) 

Flowers 
per sq, 
yard 

Setting 

percent- 

age 

Bolls 

per 

sq. yd. 

Seed 
cotton 
per boll 
(gm.) 

Yield 
in md. 
per acre 

Wi , . , 

: . 

76*8 

33*4 

2*29 

171 

357 

203*6 

1 

31*13 

51*51 

1*431 

10*44 

Wt , , , . 

81*3 

33*9 

2*38 

** 

187 

1 * 

377 

193*5 

1 : 29*62 

51*82 

1*537 

it 

11*45 

* 

Biff. . ... 

+ 4-51 

+ 0-47 

+ 0-087 

+ 16-0 

+ 19-3 

—10-1 

■' —1-31 

+ 0-31 

+0-106 

+ 1-01 

S. B.d 

±1-82 

±0*27 

±0*031 

±6*4 

I ±16*5 

±7*07 

±0*87 

±1-90 

±0*045 

±0*491 


Spacing, When the plants are widely spaced on the area basis, the reverse condition obtains, 
the growth in extension as well as dry matter The compensatory growth due to wide spacing 
per plant is significantly greater than when spaced does not adequately cover the loss of plant num- 


closely (Table V), This is to be expected as, plant - ber. The same relation holds in case of flowers 
for plant, greater resources, e.g. light, nutrients, boll production per square yard. There is, also, 
water, etc., are at the disposal of individuals, suggestive increase in yield under close spacing. 
When the production of dry matter is considered 

Table V 

The main effect of spacing on the vegetative and the reproductive characters 





Inter- 

Bry wt. 

Bry wt. 

Flowers 

Setting 

Bolls 

Seed 

Yield 


Height 

No. of 

nodal 

per 

persq. 

persq. 

percent- 


cotton 

in md. 


(cm.) 

nodes 

length 

(cm.) 

plant 

(gm.) 

yard 

(gm.) 

yard 

age 

sq. yard 

per boll 

per acre 

. .. . ... . . 

74*8 

32*6 

i 2*29 

[' , 141 

1 422 

216*7 

30*28 

54*79 

1*486 

11*31 

a, . . . . 

83*3 

. 34*8 

2*39 

217 

312 

** 

180*4 - 

30*47 

48*53 

1*483 

, 10*58 

Biff...';' ' 

+ 8-51 

+ 2-20 

± • loo 

+ 76-3 

—109-9 

—36-3 

+0-19 

—6-26 

; —0-003 

1 —0-73 

S.B.d. 

±1*32 

±0*27 

±0*031 

±6*4 

±16*5 

±7*07 

±0*87 

±1*00 

\ ±0*045 

.±0*49l' 


The main eflfects discussed above are averaged 
over all levels of the remaining factors. When 
the effects vary with the change in the level of 
the other factors, the main effects are misleading 
if no reference is made to the interactions. It 
is, therefore, necessary to study the differential 
responses by two-way tables. 


Sowing date and nitrogen. The effect of nitrogen 
on height, node number and intemodal length 
under the three sowings individually shows that 
the responses are all highly significant and are 
virtually similar under the different sowings (Table 
VI). There is thus little evidence of differential 
behaviour bn any of those characters. 
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Table VI 


Interaction : sowing date and nitrogen 


■ Height (cm.); 

Node number 

t ' ' 

Intemodal length (cm.) 

0 

n ■ . ' ■ 

75-0 

■88*8 

77-0 

91' 3 

d, 

66*0 

76*0 

0 . 

n . . 

dt 

34*5 

36*8 

ds 

32*7 

35*6 

dji 

30*1 

32*2 

0 . 

n . 

dt 

2*17 

2*40 

d, 

2* 35 

2*56 

d, 

2*19 

2*36 

diff. ±2-29 , 



+ 10^0 

diff. ±0*465 . 

4-2*3 

+ 2*9 

4-2-J 

■ diff. ±0*054 . 

+0 - 23 

Ht* 

+ 0-21 

** 

+ 0‘17 

j f 


The case with growth as measured by dry weight stantial and highly significant in all sowings, the 
per plant or per Iqnare yard is different (TableVII response to nitrogen shows a progressive and pro- 
a & b). Though increase due to nitrogen is sub- portionate decline with each deferred sowing. 


Table VII 


Interaction : Sowing date and nitrogen 


(a) Dry wt. per plant (gm.) 

(5) Dry wt. per sq. yd. 

(e) Elowers per sq. yard 


d^ 


ds 


dt 

d. 

ds 


dt 

d. 

d. 

<» . • • : 

173 

142 

102 

0 . . ■ . 

345 

281 

212 

0 . 

211 

153 

111 

n . . . 

301 

220 

135 

i 

n . 

619 

460 

285 

71 . 

310 

253 

153 




*♦ 


1 ** 


* 





Di£f. ±11-07 

4-123 

±73 

±33 

Diff. ±28*6 . 1 

±274 

+ 179 

±73 

Diff. ±12*2 . 

+ 99 

+ 100 

+ 42 

(d!) Bolls per sq. yard 

(e) Seed cotton per boll (gm.) 

(/) Yield of seed cotton md. per acre 


dt 

d. 

d. 


dt 

d. 

d. 


1 dt 


d. 

0 . 

45*6 

43*6 

39*9 

0 . 

1*125 

1*375 

1*648 

0 . 

7*25 

8*57 

9*02 

% , . 

64*6 

65*3 

51*0 

n . 

1*605 

1*655 

1*599 

n . 

15*10 

15*45 

11*31 



♦)(« 




«« 




j 

** 

Diff. ±3*44 

±lf?*d 

±21*7 

±11*1 

Diff. ±0*079 . 

+ 0-480 

+ 0-280 

+ 0-051 

Diff. ±0*85 . 

+ 7-85 

+6-88 

+3-29 


These relations can be understood in terms in the case of early sowings, so the increase due to 
of growth behaviour of the three sowings. Mention nitrogen in the total dry matter is also greater, 
has already been made of the decreasing dry Less and less points are benefited in case of later 
weights at the final stage, as the sowings are sowings and the response is correspondingly low. 
delayed. Early sowing has the advantage of So the effects on height and dry weight, though 
time for the production of larger scaffolding before apparently different, prove essentially the same 
the N-application made in August begins to take phenomenon. 

effect. Correlated with this are the signs of internal The differential responses to nitrogen in 3deld 

starvation. Both of these conditions increase with shifts in sowing dates can be followed up step 
potentialities of the early sowings for further in- by step from the data presented in Table VIII (c-f). 
crease in dry matter through nitrogen applica- The three sowings have not behaved alike in their 
tions. These pre-requisities are wanting in the responses to nitrogen in flowering. The first 
late sowing and their absence renders them less res- two have profited equally and the magnitude 
ponsive to nitrogen. It is interesting to note that of increase in the third is much lower, 
similar interaction effect has not come out signifi- Similar effect is noticeable in case of boll number , 

cant in the case of height. Height measures the The improvement in boll weights with nitrogen 

growth of the apical meristem of the main axis falls off progressively and proportionately^ as 
only. There are similar growing points all over cotton is sown successively later. This is so 
the plant, and it can be inferred, from the absence because the boll size rises rapidly from the first 
of BxN interaction in case of height, that each to the last sowings in the absence of nitrogen, 

. of them will ^ow with nitrogen to the same ek- , while application of nitrogen tends to maintain the 
tent irrespective of the time of sowing. But the boll weight at 1*60 gm. nearly in all the sowings, 
number of points to elongate and thicken are more In the absence of nitrogen, dS is able to nourish 
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about as big a boll as any of the three sowings with Sowing date and spacing. A study of the eJTect 
nitrogen, and hence the last sowing is the least of spacing under the three sowings (Table VIII) 
benefited by its application. It is thus clear that reveals that the capacity for compensatory growth 
sowing date and nitrogen are identical in their due to wide spacing varies with the date of sowing, 
effect in bringing about better maturity of bolls, The first two sowings tend to produce taller plants, 
and the effect of one is absorbed in that of more nodes, and longer internodes under wide 
the other. When two factors work in the same spacing while the last sowing is scarcely affected 
direction, the law of diminishing utility operates by spacing. Between the first two sowings, strange- 
because some other factor becomes limiting. ly enough, the increase is greater in the second. 

The combined effect of treatments on boll This behaviour is associated with the greater in- 
number and boll weight appears in yields. The crease in the length of the internodes, rather than 
increase in the production of fcpas (seed cotton) their number, under the central sowing date as 
with nitrogen is less and less marked as sowings compared with the first. 

are shifted towards June but the fall is more The interaction, sowing date x spacing, is again 
rapid after the central sowing. highly significant on dry weight per plant (Table 

Table Vm 

Interaction : sowing date and spacing 


Height (cm.) Node number Intemodal length (cm.) 



dt 

d 2 

da 


dt 

d 2 

d 2 

\ 

di 

ds 

da ' ■ 

St 

77*1 

77*1 

70*1 

8 i . . 

34*3 

32*6 

30*8 

St . 

1 2*23 

2*35 

2*28 

Sa . . . 

86*8 

91*2 

71*9 

82 • 

37*1 

35*7 

31*5 i 

Sa . 

2*33 

2*56 

2*27 

Bifif. ±2*29 

+ 5*?' 

+ 14*1 

+ 1*8 

Biflf. ±0*465 

+ 2*8 

+3*1 

+ 0*7 

Biff. ±0*054 

+ 0*10 

+ 0*21 

-^ 0*01 


IX-a). The nature of effect is, however, slightly nitrogen. Thus reduction in plant number 
different. The increase in dry weight per plant by results in the operation of compensatory mecha- 
wide spacing fails progressively in the direction nism which becomes less and less efficient as 
of late sowing and this result resembles, in all sowing is delayed, 
respects, the relation between sowing date and 

Table IX 

Interaction : sowing date and spacing 


(a) Dry wt. per plant (jb) Bry wt. per sq. yard (gm.) 



dt 

1 d2 

da 


dt 

da 

da 

81 . . 

181 

141 ! 

101 

Si . . 

542 

422 

302 

Sa- 

294 

222 

136 

Sa-. 

422 

319 

195 






1 ■ 


♦♦ 

Biff. ±11*07 . 

±113 

±81 

±35 

Biff. ±28*6 . 

—120 

—103 

—107 


Tne failure of the internodes of the third sowing When the results are expressed on area basis 
to elongate with wide spacing, even though dry (Table IX-b), wide spacing gives significantly 
weight increases, can be explained in terms of lower values than the close one and all decreases 
the operation of some other factors. There is are of the same order under the three sowings, 
freer movement of hot and dry air in widely-spaced There is thus no interaction in case of total dry 
plants of the last sowing and individual plants are matter per square yard. Close spacing and early 
subject to high insolation. The desiccation effects sowing are analogous in their behaviour with 
thus produced counteract the advantages of better regard to the production of dry weight per unit 
supply of water and nutrients from below, area. Close spacing is capable of exploring the 
and thereby limit extension growth of the natural resources more efficiently than the wide 
main axis, but these potential resources one by virtue of the increased number of indivi- 
attending wide spacing definitely contribute to in- duals, while early sowing has the advantage of time 
crease the dry matter in the third sowing also which enables extensive root growth and exposure 
though the increase is comparatively small. to more hours of illuminations. Maximum dry 
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weight is prodnced imder the earliest sowing with 
close spacing. Every delay in sowing hy 20 days 
or the adoption of wide spacing lowers the 
output of dry matter hy about 100 gm. till mini- 
mum is obtained under ^3 52. 

Reference has already been made under main 
effects to the superiority of close spacing in raising 
the yield and the boll number. On further analy- 
sing the data, it is seen (Table X) that no special 
advantage has accrued to the first tw^o sowings in 
regard to boll number and yields by close spacing. 
The third sowing alone has significantly profit^ 
by close spacing. 

It has just been mentioned that consistently 
higher dry weights per square yard have been 


5 t sowing with obtained in this experiment with close spacing 
:ig by 20 days as compared with the wide in all the sowings, 
g lowers the while in case of reproductive development close 
gm. till mini- spacing has benefited the third sowing only. This 
shows that surplus dry matter, beyond a certain 
3 under main maximum, is ineffective and plays no vital role 
cing in raising in the economy of the plant. Wide spacing and 
[urther analy- late sowings produce plants which are, weight 
bat no special for weight, efficient for the production of kapas. 
wo sowings in The smaller the size of the plant the greater is 
close spacing, its efficiency for the production of seed cotton 
lantly profited (Table X-c). At the same time it may be pointed 
out that, tbougli late-sown widely-spaced plants 
consistently possess the maximum efficiency, compensa- 
•d have been tion is inadequate under this treatment. 

Table X 

Interaction : sowing date and spacing 


(a) Bolls per sq. yd, 

} ■ ' 


(&) Yield (md. per acre) 

1 ? 


(c) Seed cotton per 100 gm. of dry matter 

) 


dt 


d. 




d. 

da 


dt 

da ] 

da 


56*2 

64*9 

53*2 

Si ■ 


11*22 

12*20 

10*53 

Si . . . 

13*65 

19*53 

• 23*46 


. . 64*0 

64*0 

37*6 

Sa • 


11*13 

-11*82 

8*79 

Si . 

16*28 

24*38 

30*36 

Biff .A3* 44 

. —2*2 

—0*9 

—15.6 

Diff. ±0*85 . { 

—0*09 

—0*38 

** 

—1*74 





Thus below a certain minimum dry weight, gain 
in efficiency fails to cover the loss in yield caused 
by reduced hearing due to small size of the plants. 
This lower limit is indicated at about 325 gm. per 
square yard in the present case (Table IX-b). 

The manner of adjustment, by which a small- 
sized plant tends to equal or excel in yield the 
one with larger structure, takes the form of modifi- 
cation in the relative distribution of total dry 


matter in parts as given in Table XI which is 
self-explanatory. The case of' nitrogen, which 
raises the dry weight of the plants and still increases 
their efficiency, would seem paradoxical. The 
cause for this is to be sought in the nutritional 
diprder that nitrogen corrects. 

^Nitrogen and spacing. The results showing 
the interrelations of nitrogen and spacing are 
consolidated in Tables XII and XIII. 


Table XI 

Percentage distribution of total dry matter in parts 
(Plants sampled on 28 October) 




^1 Si 

di s 2 

di Si n 

di SsU 

dt Si 

df 8a 

Sx ^ 

dtSgn j 

di 8i 

da St 

( , 1 

I dgSin 

daSs7n 

Stems 

. 

26*4 

31*5 

27*8 

30*4 

25*6 

26*4 

27*4 

29*2 

19*1 

22*9 

24*1 ■■ 

23*7 

Leayes . 


13*1 

15*8 

16*7 

18*4 

14*6 

15*6 

16*3 

21*7 

15*1 

20*7 

20*9 

25*1 

Dead leaves . 


38*7 

28*5 

30*9 

22*8 

38*4 

31*1 

30*1 

22*5 

37*4 

25*4 ■ 

28*2 

10*8 

Bolls . 


21*7 

24*1 

24*6 

28*3 

21*3 

26*8 

26*2 

26*5 

■ ■"28*4 

1 

30*9 

26*8 • 

31*5 


(«) Height (cm.) 


Table XII 

Interaction : nitrogen and spacing 

(b) Internodallength (cm.) (c) Dry weight per plant (gm.) (.d) Dry wfc. per sq. yard (gm.) 




Si 


Si 

Sa 


. Si 

'■ Sa 


66*9 

78*4 0 , . . . 

2*14 

. 2*33 

0 

102 

/ 176 '■ 0 , . ' ' . ■; 

'"'.so'e''. 

82*7 

88--1 ■ n 

2*43 . 

2*44 

n • , . 

179 

^'.■'258', . 

538;' 

** 

- * ■ ■■■ 


,0*.. ' 


♦♦ 

■ m* 



4 Diff. ±0*044 


4d*JJ 

De^iff. ±9*04 


-hS2 Diff. ±23*3 

+ 252^ 
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It is apparent that nitrogen acts as a limiting 
factor in case of close spacing since minium values 
for all grov th measurements per plant are obtained 
under this treatment in the absence of nitrogen, 
and wide spacing or nitrogen stimulates elongation 
as well as the incorporation of dry matter. Of the 
two factors, 50 lb. N per acre seems to be more 
effective. There are further increases in bright 
and dry matter when nitrogen is applied to widely- 
spaced plants. But, before considering the magni- 
tude of such increases, it Is necessary to bear in 
mind that 62 plots contain less plants per unit area 
in comparison to those of Si. As manure is applied 
at a uniform rate in ib. per acre the individual 
plant under wide spacing gets proportionately 
larger dose of manure as compared with an indivi- 
dual of close spacing. In spite of this privilege, 
widely-spaced plants derive only as much 


as a limiting benefit in the production of dry matter from 
ninium values . nitrogen application as the closely-spaced 
it are obtained plants (Table XII-c). The effect is even more 
oe of nitrogen, pronounced in case of height and internodal length 
tes elongation where <§2 plants have distinctly responded less 
atter. Of the than the plants. There is thus a clear indication 
as to be more of diminished utility of nitrogen with wide 
tses in height spacing. This is further confirmed when the 
hed to widely- data for dry weight are considered on area basis 
ingthemagni- (Table Xll-d). The spacing (i.e., which 
iiy to bear in produces greater dry matter in the absence of 
s per unit area nitrogen is the most responsive to its application. 
mre is applied Essentially the same relations are seen to hold 
the individual in case of yield and the yield characters (Table 
roportionately XIII). Although nitrogen affects bearing, boll 
vith an indivi- development and yield significantly under either 
this privilege, of the two spacings, the magnitude of response 
y as much is distinctly heavier with the close spacing. 

Table XIII 

Interaction : nitrogen and spacing 



The analysis can be carried a step further (Table 
XIV). The importnce of close spacing for the 
enhanced utilization of nitrogen in regard to the 
yield and the boll number is not general but 
is restricted to the two later sowings. This signi- 


fies the second order interaction DxSxX. 
Similar interaction effect is absent in the case 
of boll weight, for the effect of nitrogen is more 
pronounced under close than that under the wide 
spacing, irrespective of the sowing date. 


Table XIV 

Interrelation of dates, nitrogen and spacing 


(a) Boll number 


(5) Yield (md. per acre) 


(c) Boll weight (gm.) 



dt 




di 

dt 

ih 

■ 

dt 

dt 

dt 

Sx . *: 

49*6 

42-3 

CO 


7' 19 

7-68 

8-17 

. * 

1*078 

1-304 

1-506 

Sin 

62‘9 

67-5 

62-2 

.. . . 

15-24 

46-73 

12-90 

Sin 

1-662 

1-737 

1-627 

Biff. . . . . 

13*3 

25*2 

17*9 

Diff. 

8*05 

9*05 

4‘73 

Biff. 

0*584 

0-433 

0-121 

Sa ■ ■ 

41*6 

44-9 

85*5 

St . * • 

7»3i 

9*47 

: 7-87 

St . . 

1-173 

1-445 

"nsoo 

s^n 

66-3 \ 

63‘i 

39 '7 

. . 

14-95 \ 

14-17 

9-72 

Stn 

1-549 • 

1-574 

1-569 

Biff. . . 

24-7 1 

18*2 

4-2 

Biff. 

7 - 64 j 

4*70 

1-85 

Biff. 

0-376 

<?-129 

—0-071 


It is clear from the data in Table XIV that the 
principle of fluctuating optimum finds its appli- 
cation to the problem of crop production. The 
results have, therefore, direct practical value. 
The adjustment in cultural conditions can safely 
be put foiwvard on the basis of these results. 

For want of space it is not proposed to give here 
even a concise account of the entire progressive 


growth data collected. It would be of interest 
all the same to consider the rate of flower pro- 
duction as affected by sowing date and nitrogen 
(Table XV). 

Rates of flower production. Whereas the sow^- 
Jngs were done at intervals of 20 days, the first 
/flowering counts in the successhm sowings were 
started with a . delay of only half the period. In 
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Table XV 

Rates of flowering fer square yard {5-day totals) 


August 


September 


Treatments 

26-30 

31-4 

6-9 

10-14 

15-19 

20-24 

25-29 

30-4 

5-9 

10-14 

15-19 

20-24 

26-29 


2*8 

8-9 

19*7 

29*7 

32-0 

35*8 

30*6 

26*5 

14*2 

7*2 

2*7 

0*6 





6*8 

15-0 

23*0 

30*6 

31*2 

24*5 

13*3 

6*4 

2*2 

0*6 

0*3 

Wf S' * ■ ■ ■ • 





8*9 

15*4 

19*7 

25*2 

17*9 

13*0 

6*6 

2*4 

0*9 

dz • • * 1 














d^n , 

3‘9 

7.4 

19-2 

35*1 

40-9 

51*2 

52*2 

50*5 

31*9 

16*5 

3*1 

0*6 

... 

di,n • ... 



7*2 

17*1 

25-3 

39*3 

42*4 

51*7 

36*9 

22*5 

7*9 

2*1 

0*6 






7*4 

14*6 

20*1 

28*2 

26 *6 

25*6 

16*8 

1 '■■. 7 . 2 ' 

5*8 

dfti . 



i 












October 


fact there is a clear indication that flower 
counts in the two later sowings should have been 
started even earlier. It is the most significant 
point that flowering proceeds in the three sowings 
in <^uick succession both in the presence and the 
absence of nitrogen Furthermore, an initial post- 
ponement in sowing by 20 days causes a 5-day 
shift in the period of maximum flow’^er produc- 
tion. The flowering in the two sowings ceases 
simultaneously. It is, however, true that 20 days 
delay in sowing effects a substantial reduction in 
total bearing. This is so because the rate in 
the second sowing in comparison to the first 
remains at a low level throughout September 
and the difference is not made good later. When 
sowing is deferred by a further period of 20 days, 
the commencement of flowering is further shifted 
by about 10 days as compared with the central 
sowing. The peak and the cessation of flower 
production are also delayed but only by five days 
or SO- The fiower production during September 
continues at so low a rate in the last sowing that 
a less rapid fall in the fruiting activity during 
October does not compensate for the early diminu- 
tion in the flowers. In short, late sowing does not 
mean equivalent delay in the onset of flowers and 
the maturity of bolls, as is commonly apprehended, 
but it does bring about reduction in bearing. 

The effect of nitrogen on flower production 
is outstanding in all the sowings but it is apparent 
that the increases due to nitrogen in the first 
two sowings are recorded from 10 September 
and are continued to the end. On the other 
hand, the increase is confined to the month of 
October in the third sowing. This is why the 
response to nitrogen on bearing is comparatively 
low in the third sowing. 

Discussion 

A delay in sowing by a given period shifts fort^ 
the commencement of flowering by 1/3 the in" 
terval between sowings, and the time of maxi* 
m um flowering is still less affected- ^Thus 


all sowings do not enjoy equal period to grow 
vegetatively, before they come into bearing. The 
plant passes on to the reproductive phase as 
soon as the day length is shorter than the critical 
photoperiod, irrespective of the amount of vegeta- 
tive growth it has made. As the appearance 
of flowers brings about the retardation and the 
ultimate cessation of vegetative activity the 
plants are incapacitated during fruiting to make 
good any loss in dry weight or the number of the 
nodes. Since the number of flowers are depend- 
ent on the growth already made by the plant, 
potential bearing suffers in the later sowing in 
proportion to the reduction in the vegetative 
growth. 

Although the fall in the potential crop of flowers 
by deferred sowings is linear as a result of 
the reduction in dry weight, there are a set 
of counterbalancing tendencies working in 
the plant, which tend to keep up their 
yields. Any delay in sowing is accompanied by 
a simultaneous increase in the percentage success 
of flowers into bolls. In consequence thereof, 
the number of bolls finally matured in the second 
sowing equals that of the first. Of course the 
compensation in the last sowing, is inadequate 
to annul the disadvantage of reduced bearing 
even though the setting percentage is 'the maxi- 
mum in this sowing. 

There is a progressive increase in the weight 
of seed cotton produced per boll as cotton is 
sown successively later. The object of amelio- 
rating tirak on light sandy soils is realized 
by delay in sowing, as boll weight is a composite 
measure of all round development of both seed 
and lint. 

The cumulative effect of the above-mentioned 
characters, i.e. higher setting percentage and 
better boll weight, which offsets the reduction 
in flowers in the later sowing appears in the 
final yield of hapas. The efficiency of the plant 
as a producer of seed cotton per unit of dry matter 
gradually increases so that sowing date has an 
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Optimal value around tlie central sowing. Besides, the size of the bolls. But the two factors, working 
the third sowing excels the first by a small in the same direction when combined do not eon- 
margin in the absence of nitrogen. tribute their individual shares in raising the 

The ameliorative effect of late sowing on the boll size, even though their effects on the 
opening of bolls on light sandy soils operates concentration of nitrogen are additive. It is 
through the maintenance of adequate concen- remarkable that higher concentrations of nitrogen 
tration of nitrogen within the plant (Table XVI) in the late-sown treated plants are not accompa- 
by cutting down the vegetative growth. Direct nied by any additional improvement in boll size 
applications of nitrogen have likewise increased which remains at about 1^6 gm. seed cotton 
the percentage of nitrogen in the leaves at each per boll so that sowing date and nitrogen interact 
stage of growth in the first sowing and correspond- in case of boll weight. The inprovement in 
ingly the boll size. Both these factors, late boll opening due to nitrogen falls progressively 
sowing and nitrogen manuring have independently and proportionately with advancing sowing dates, 
increased the concentration of nitrogen as well as The interaction is again reflected in yield in 

TableXVI 

Concentration of total nitrogen in the leaves. Percentage on dry weight {5 -plant samples) 

Control 50 lb. N applied on 14-8-39 

Bates of sampling — Bates of sampling 


Sowing dates 

21/8 

10/9 

30/9 

20/10 

Sowing dates — 

21/8 

10/9 

30/9 

20/10 

12-5-39 . 

2*14 

1»63 

1-50 

1*31 

12-5-39 . 

2*47 

2*84 

2*12 

1*76 

2-6-39 . 

2*20 

1*73 

1*60 

1*32 

2-6-39 

2*67 

3*04 

2*52 

2*11 

22-6-39 . 

2*98 

2*39 

1*97 

1*81 

22-6-39 

3*53 

3*33v 

3*32 

2*70 


the form of diminishing responses to nitrogen that unless utilized, the primary products of 
with delayed sowings. The differential behaviour photosynthesis accumulate as starch and finally 
of nitrogen with the three sowings is also recorded appear as tannin like substances, on N-deficient 
in case of dry weight. soils. Such a condition is corrected either by de- 

The interaction between go wing date and laying the sowing date or by addition of nitrogen, 
nitrogen is explicable in terms of the progressive The mode of its action has already been explained, 
changes in the concentration of nitrogen in leaves However, when nitrogen is applied to the late 
of the different treatments. Nitrogen applied sowing the scales turn over. Only a small pro- 
to the first sowing is fully utilized and finds portion of nitrogen is made use of in the formation 
expression in increased growth of the vege- of bolls while the rest raises the internal con- 
tative and the reproductive parts. There is a centration and remains without further effect, 
clear evidence of luxury consumption in the It is probable that harmful effects of nitrogen 
late-sown treated plants which get only inadequate- concentrations might set in beyond certain limits 
ly depleted in comparison to all the other series under such conditions of unbalanced nutrition. 
(Table XVI). The higher concentrations of nitro- Gregory et al [1932] obtained similar interac- 
gen which are without effect result from the tion of sowing date with nitrogen in yield, and 
combined action of the two treatments analogous linked this behaviour to the prevalence of certain 
in their behaviour, and point to the operation of external factors, (1) the rate of nitrification in 
some limiting factor. It is suggested on the basis the soil, and (2) the effect of climatic conditions 
of the grow^th made by plants in the three sowings on the nitrogen uptake by the plants. The present 
prior to flowering that carbohydrates become investigation reveals that the explanation should 
limiting in the late sowings. A balance between account for the actual utilization of the absorbed 
carbohydrates and nitrogen appears to be of nitrogen rather than the rate of its availability 
fundamental importance for the proper matura- and uptake. 

tion of bolls. “ In early sowing there is no shortage Another important finding of the experiment 
of carbohydrate supplies. This is to be expected is the enhanced utilization of nitrogen with tdoser 
under conditions of long cloudless days in the sum- spacing. The differential behaviour of nitrogen 
mer, which enable the early-sown plant to manu- with spacing is well pronounced on the vegeta- 
facture and store large reserves of carbohydrates, tive as well as the reproductive characters. The 
In fact there is conclusive evidence [Daster, 1939] relation between spacing and nitrogen is in accord 


28 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


with observations made by Growth er et al. [1937]. 
The ultimate source of this mteraetion in case 
of yield is the boll weight component in the present 
case. Thus close spacing has functioned in the 
same manner as the early sowing in relation to 
nitrogen and this behaviour becomes intelligible 
in terms of the explanation offered for the inter- 
action sowing date X nitrogen. In addition, the 
probability that widely spaced plants are less 
efficient in the adequate removal of nitrogen 
'supplied, because of their less extensive root 
system, cannot be set aside. 

Spacing has also interacted with sowing date. 
For the first two sowing it is immaterial wbether 
spacing is close or wide within the limits tried but 
close spacing becomes indispensable for the last 
sowing for counteracting the depression in boll 
number. 

The response to water is low. Moreover it has 
not interacted with any other factor. This is 
striking in view of the hot and dry weather during 
1939 under which the experiment was conducted, 
not in keeping with the experience of Gregory 
et ah [1932]. It follows, therefore, that water 
does not normally become limiting on light 
r’aotors Sowing date 

r =. 15/6 1 

Levels . . . . A = 31/6 ?- 

I »20/6 J 

in 6 nine-plot blocks with subplot arrangement 
for two spacing types (close, normal). Inspite 
of the fact, the level of yields in this experiment 
was double that of the one already discussed, 


sandy soils. The significance of this factor and 
the decline in its response under late sowing has 
been stressed on sandy loam soils with salinity 
in the subsoil [Dastur and Mukhtar Singh, 1942]. 

Further experiments 

The main findings on the effect of nitrogenal 
sowing date, spacing and watering on the growth 
and yield of 4F cotton and on the interrelations 
of these factors have been confirmed by subse- 
quent experiments in which other commonly 
cultivated varieties of American cotton were 
included. These experiments were carried 
out on light sandy soils deficient in nitrogen 
during the years 1940-42. The observational 
data included height, dry weight, boll counts, boll 
weights and yields. It would take much space 
to give the detailed results of these experiment 
and it is also considered unnecessary to do as 
they only confirm the above findings with some 
additional information. It would be enough, 
to economise space, to make a brief reference 
here to a 3*^ X 2 experiment conducted during 
1941-42 in the same square of land as the 
1939-40 experiment. The treatments comprised 
all combinations of : 

Varicety Nitrogen 

r = 4F f 0 ~ control 1 

Va-L.S.S. ' * - . * 


r = 4F 1 f 0 ~ control ■) 

X Va — L. S. S. y X < ne ~ 50 Ib. N before sowing V 
L == 289F/43 J t = 50 ib- K on 31/8 j 

owing to the favourable soil and weather con- 
ditions, there was remarkable similarity in the 
trends of the treatment effects of the two experi- 
ments. The yield results are condensed in Table 
XVII. 


Table XVII 

Important interaction in 1941-42 experiment 


Sowing date and nitrogen 


Spacing and nitrogen for 


Variety and nitrogen 


0 


. 16*65 

17*77 

10*26 

0 


m 


. 22*78 

23*36 

■ 20*80 

ne . 


nl 


. 23*54 

22*82 

20*06 

** 

nl . 


ne—o . 


6*13 

** 

5*40 

** 

4*54 

** 

ne—o 


nl — 0 . 


6*89 

5*05 

3*79 

nl — 0 



S. Ed ±0-803 


Sowing date and spacing 


a. 

Diff. 

±0*777 

♦ 


Vt 

Va 

^^8 

15*46 

—1*61 

0 . . 

. 16*81 

19*38 

14*49 

19*61 

—2*38 

** 

ne . 

. 20*99 

25*14 

20*61 

17*90 

—4*31 

nl . 

. 22*09 

24*94 

19*38 

4*15 


ne—o 

4*18 

. „ 

5*76 
. «« 

6*12 

2*44 


nl—o 

5*28 

5*56 

4*89 


5-14 2-44 

S.Ed ±1*145 


S.Ed ±0*803 


Differential responses to spacing (a,— a,) 


Spacing 

dx 

d. 

di 

Sx 

. 20*48 

21*48 

20-42 

a. 

; 21 • 49 

21 *0(5 

17-66 


♦ 


** 

Diff. ±0*449 . 

IrOi 

—0-42 

-2-76 


Variety . 
4F . 

L. S. S. . 
289F/43 . 


dx 

d. 

* * 

*K|e 

1*84 —1-67 

—2*43 

1*30 

™X*61 

1*20 —1*93 

—4*25 


S.Ed ±0*777. 
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The decline in the response to nitrogen as 
sowings are delayed has been steeper with the 
August application as compared with the early 
manuring. There is an indication that early 
sowing should preferably be manured near flower- 
ing while the response in case if later sowings can 
be improved to some extent if application is 
made before sowing or if closer spacing is adopted. 
The results are again in favour of close spacing 
for the later sowings. The effectiveness of close 
spacing for late sowing is, however, particularly 
marked in case of the erect growing type 289F/43 
or midiumly spreading variety 4F. The varieties 
do not appear to differ very widely in their response 
to nitrogen. 

Summary 

The investigation describes the results of 
factorial experiments with Punjab- American cot- 
tons on light sandy soil at the Lyallpur Agricultural 
Farm. The interrelations of four factors, viz. sow- 
ing date, nitrogen, water supply, and spacing 
have been studied, and the effectiveness of late 
sowings as an alternative ameliorative measure 
for tir ah has been explored. 

Delay in the sowing of cotton by a given period 
does not cause an equivalent delay in the re- 
productive phase. The commencement of dower- 
ing is shifted forth only by about 1/3 the interval 
between sowings. The peak and the cessation 
of dowering are still less affected. The plant 
exhibits photoperiodism. As dovering retards 
the vegetative activity of the plant, less 
and less period is at the disposal the successive 
sowings for the production of dry matter which, 
therefore, falls in proportion to the delay in sowing. 
The meristematic activily, fs given by the 
number of nodes and dowers, falls off progres- 
sively according as the dry weight is reduced in 
the later sowings. 

There is a steady increase in the setting per- 
centage as well as boll weight with delay in sowing. 
These counterbalancing tendencies raise the yield 
status of later sowings under unmanured con- 
ditions. 

Nitrogen application as well as late sowing 
individually increase the N-concentration and 
correspondingly the boll weight. The two factors, 
therefore, are analogous in their effect. . 

The plant growth under the different sowings 
is differently affected when nitrogen is applied. 
The benedcial effects of nitrogen on the dry weight, 


There is luxury consumption of nitrogen in the 
late-sowm nitrogen treated plants. The high con- 
centrations of nitrogen under these conditions 
get only incompletely depleted, as this surpiiis 
is neither utilized for boll development nor it 
takes part in growth. 

Widely-spaced plants grow taller and pro- 
duce greater dry matter in comparison to the 
individuals under close spacing. On area basis, 
the compensatory growth is incomplete in any 
of the three sowings. Boll number and yield i 
under wide spacing are, however , made up in the 
first two sowings, but the compensation is inade- 
quate in the last sowing. The last should there- 
fore, be spaced close- _ 

Close spacing is more efficient in the removal 
and the utilization of nitrogen as compared with 
the wide spacing (specially in the later sowing). 

This effect is well pronounced on vegetative and ‘ 

also the reproductive development. 

Mean response to water is small and general. 

It has shown no interaction with any other 
factor. 
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CYTOLOGICAL INVESTIGATIONS ON AUTO- AND ALLO-TETRAPLOID 

ASIATIC COTTONS 

By N. K. Iyentgar, Agricultural Eesearch Station, Surat 
(E-eoeived for publication on 25 June 1943) 


(With 23 text- 

The earliest cytological report on the behaviour of 
autopolyploids in cotton is that of Skovsted [1933] 
wherein he has described the meiosis of a triploid 
Asiatic cotton, which originated from a cross between 
the El of G. herbacenm L (H3) and G. arhoreum L 
var rubicunda (Watt) designated as IST 8-2 and a 
multiple recessive strain extracted from a cross bet- 
ween two closely related G. arhoreum varieties. 
According to him, probably a thirteen chromosome 
egg had either been doubly fertilized or more pro- 
bably fertilized by an accidental diploid pollen grain. 

In 1940, two more papers appeared on the cytology 
of autopolyploids which were obtained by colchicine 
treatment. Nakatomi [1940] described the meiosis 
of an Asiatic autotetraploid cotton, but the original 
of his work was not available to the author of the 
present paper owing to the present international 
situation. The other paper is that of Mendes [1940], 
describing the meiosis of an octoploid G, hirsutum 
L. As the present paper was being prepared by the 
au'Uior, Beasley’s [1942] and Stephens’ [1942] 
papers on the meiosis of polyploids w^ere available, 
i The former has described the meiosis of an autotet- 

f raploids G. Jierhaceum L and the latter the meiosis 

of an autotetraploid G. arhoreum Y Bir neglectum 
Watt. The object of the present paper is to present 
a cytological account of the tetraploid cottons 
obtained by doubhng the chromosome numbers of (?. 
herhaceum L, G. arhoreum L and of the El hybrids 
between the above two species. A short account of 
the meiosis of an FI hybrid plant between an Asiatic 
autotetraploid and a cultivated American cotton 
with 52 chromosomes is also given. 

Material and methods 

At the Agricultural Research Station, Surat, a 
number of cultivated Asiatic cottons were treated 
with colchicine during the seasons 1939-40 and 1940- 
41 and were maintained as ratoons during the seasons 
1941-42 and 1942-43. The method of treating the 
plants with colchicine and the morphological accounts 
of the tetraploids obtained have been described by 
Amin [1940 ; 1:941]. The following tetraploids were 
investigated cytologicaily during the season 1941-42. 

(1) G. herbaceym L var fruteseens- 

Delile - - • . . Strain Surat- 

1027 A. L. E; 

(2) Ditto , Strain 1 A. -Long 

boll 

(3) G. arbor mm L var typicum 

forma bengalensis . . (H & G) 

arhoreum 


(4) O. arhoreum L var neglectum 

Watt, forma indiea . (H G) strain 

GaoraniO 

(5) G. herhaceum xG, arbor eum'Fl (1027 xG. 6) 

(6) Ditto X Ditto FI (1027 x E^ed arbo- 

reum) 

(7) Ditto x Ditto FI (1 A. L. B. x Red 

arboreum) 

Tetraploids 1 to 4 are considered as true autotet- 
raploids since they are obtained by doubling the 
chromosomes of pure diploid species. They have 
four sets of identical genoms and are designated as 
4 A1 or 4 A2 [Beasley 1940 ; 1942] where A1 and A2 
indicate an herhaceum and an arhoreum genom res- 
pectively. Tetraploids 5 to 7 are aho-tetraploids and 
their chromosome formula mav be designated as 2 
(A1A2). 

In the tetraploids under study no root tips w^ere 
available for somatic counts. Tetraploidy of the 
plants was estabhshed solely by meiotic counts. 
Flower buds were collected between 10 a.m. and 12 
noon and fixed either in acetic — alcohol (1:3) or 
Carnoy. These were stained with iron-acetocarmine 
and temporarily sealed for examination. Flower 
buds were also sectioned by the usual paraffin 
method and stained with gentian violet. For the ex- 
amination of somatic chromosome numbers of the 
progeny of the polyploids under study, root tips 
were fixed in ' Graf ’ and stained with crystal violet. 
Drawings were made with the aid of a Camera lucida, 
at bench level, using a 1 • 8 achromatic objective and 
XI 5 and X20 compensating oculars. 

Fertility of the tetraploids 

The autotetraploids under study did not set any 
boUs either by selfing or by open pollination. They, 
however, cross with the cultivated American cottons. 
The allotetraploids were found to be partly fertile 
either by open pollination or by selfing. Stephens 
[1942], however, finds some fertility in his autotetra- 
ploids either by selfing or by open polHnation. 

Meiosis in the tetraploid Asiatic cottons 

As the course of meiosis is in general, more or less 
alike in both the auto- and alio -tetraploids under 
study, description of meiosis will be confined to the 
herhaceum (1027 A. L. F.) tetraploid in detail. 

The pollen mother cells of the tetraploid are, in 
general, bigger than those of the diploid. A detailed 
account of early prophase is not attempted in this 
paper as it was found extremely difficult to make out 
the details rehably. At pachytene, the threads are 
extremely long and it is very difficult to follow the 

m. 


tj 

paired chromosomes completely as they take a very 
tortuous course in the nucleus. The nucleolus is 
^ prominent and shows vacuoles. The attachment 

^ of some of the threads to the nucleolus is clear at 

four points but it is difficult to say how many chromo- 
somes are attached. 

Figs. 1, 2a and 2b show nuclei in the late diplotene 
stages. In all these figures, the quadrivalent nature 
of some of the bodies could be made out. Trivalents 
and univalents are also noticed. At late diplotene, 
I the nucleolus is stiU very large and vacuolated and 

p some of the bodies are in contact with them. In 

^ Fig. 2b, three bodies are attached to the nucleolus of 

I which one is a quadrivalent and two are bivalents. 

^ Fig. 4 shows a diakinesis nucleus in the diploid 1027 

^ A. L. F. Of the four bivalents around the nucleolus, 

two are in contact with it and the other two are in a 
' different focus. Abraham [1940, 1] also figures a 
diplotene in an urboreum strain where he shows 
, three bodies around the nucleolus of which two are 
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probably in contact with the nucleolus. Jacob 
[1941, 1, 2 ; 1942] using Feulgen-fast green technique, 
has shown, in somatic cells of Asiatic cottons, that 
there are two satellited chromosomes and two 
secondarily constricted chromosomes and at prophase 
of meiosis four chromosomes are attached to the 
nucleolus. These show that in the diploid four 
chromosomes and in the tetraploid eight chromo- 
somes are attached to the nucleolus. 

At diakinesis, the bodies get more condensed and 
become distinct (Fig. 3). Quadrivalents and triva- 
lents could be made out at this stage clearly. The 
nucleolus gets considerably reduced and in some eases 
it is even lost. As such the relationship of the 
chromosomes to the nucleolus gets inconstant. The 
number of chromosomal bodies range from 14 to 
25 (as examined from 15 nuclei) depending upon the 
number of multivalents, bivalents and univalents 
formed. Quadrivalents of various shapes are also 
seen in the figure. 
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« I % tf 

^ 2r 

* • 1. 




Fia. 22 


Pio. 23 


Explanation o® Tis;a?-FiGUBBS „„o-t a t it v 

•„ »„t^nT,fldbelonetotlletetraploidD.^^er^>oce^im(1027 A.L.1.) 

!•: SrSEii^rAjiri-oSS-i: - .«v 

Fig. 8. — Showing 10 IV and 6 II 

Fig. 9.— Showing 6 IV and 14 II 

large rtg quadrivalent beginning the 

Fios. (All chromosomes not shown m 

Fig 15 — -Interkinesis showing a nmvaienuuivxtux 5 

w \fi_Teiff"fAo^fa'univalentW 

ii; " Allchromosome. 

20 ^Fusion of second metaphase plate . . ^ ^ 1375 y na? 

not drawn. Oentian violet prepar , x G 6) Acetocarmine smear. X 

ii: SEris- 

Acetocarmine smear. X . Figs. ( 


At metaphase I, the TZtuS 

ondensed Sometimes, the details of the quato 

alents, as has also been pointed 
19421 are difacult to make out. The shapes ot 
he quadrivalents seen are single ru^s of four, drabl 
inar Vs Ns, Ks, Xs, linear chams, etc (Figs 
i to ’ll) ’ The first three are much more frequent 
\Z the others. The ni^ber of ctaam^aU m 
he quadrivalents varied from 3 to f- 3® ^ 
lumber of chiasmata per ^ ^ 

le 3-97 as iudged from 43 quadrivalents. In the 

padrivalents many of the ^™s 

0 be terminaW. Sometimes “X^tatioJs 

oiata were seen. All the five tJPes of 

viz. parallel discordant, convergent, linear and m- 
lifferLt were met with in the quadrivalent. In 
tnany cells the congression fr^he Wents ^d 
multivalents was so good that it was touna 
impossible to analyse such cells. 


Often the congression was disturbed. ^8®’ ® 

lents and q^atovalents j additkm to 

valents and nniva^nts T?easleY [194:21 found 

t^Lge 3?of quatovalents in the material 
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under study is 8 •06. Such slight differences in 
means may be possible, as chromosome conjugation 
is influenced by various other factors besides chro- 
mosome homology. 

Stephens’ [1942] analysis of the autotetraploid 
G, arboreum is somewhat different from those of the 
author of the present paper and of Beasley [1942], 
The origin of the autotetraploid investigated by the 
former is> however, different from those of the latter 
two. Stephens [1942] gets a mean of 6-6 quadriva- 
lents. The mean number of bivalents is only 4*3. 
The univalents and trivalents are of about the same 


[XIV 

level as the materials under investigation (Table I) 
Higher multivalents are frequently seen in Stephens’ 
[1942] data. In the present analysis they are practi- 
cally absent. It is possible that such variations in 
higher multivalent formations may be due to varia- 
tions in autos 5 mdesis, especially so in the plants whose 
chromosomes are very small. Such variations in 
autosyndetic pairing leading to higher multivalents 
are ako met with in the allotriploid cottons of Asiatic 
and cultivated American origin. The range of 
association in Stephens’ [1942] data is from 9 to 17 ; 
in the present analysis it is from 13 to 25. 
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Table I 


Mean chromosome conjugation in auto- and allo4etraploid Asiatic cottons at metaphase I 


Chromosome configu- 
rations 

Autotetraploids t 

AUotetraploids 

G. herbaceum L 

G, arboreum L 

G, herbaceum lu X G. arboreum 

■ 

1027 

A. L. F. 

1 A. L. B. 

Gaorani 

6 

Red ar- 
boreum 

N. 14 
(Stephens 
data- 1942) 

1027 X 

G. 6 

1027X 

Red-ar- 

boreum 

1 A. L, B., 
X Red- 
arboreum 

Univalents 

0-95 

0-65 

0-55 

0-97 

0-7 

1-03 

0-98 

1*45 

Bivalents 

9-04 

8*89 

8-25 

8-35 

4-3 

10-50 

12-59 

11-55 

Trivalents 

0-24 

0-17 

0-29 

2-38 

0-3 

0-30 

0-53 

0-28 

Quadrivalents . 

8*06 

8*26 

8-49 

8-29 

6-6 

7-27 

6-08 

6-66 

Pentavalents . 



. . 


, , 



• i 

Hexavalents . 



0-02 


0-9 



* € 

Septavalents . 



. . 






Octovalents 



, . 


i-0 



« « 

Ninevalents 


. . 

« • 


• * 




Decavalents 



•• 


0-2 



- 

Total No. of p.m,c. . 

93 

46 

65 

34 

10 

so 

1 49 

29 

Mean number of 

18-29 

17-93 

1 17-58 

18-00 

14-0 

19-07 

20-16 

19-97 

association per p. 

tbO-29 

±0-45 

±0-42 

±0-46 

±0-80 

±0-57 

±0-56 

±0-61 

m.c. 









~G. mean of associations 


1 

t. 

17-9±0*20 


19-8±0-13 


per p.m.c. 










Differences within anto-and allo-tetraploids not significant. Differences between Auto- and Allo-tetraploids 
compared as two groups significant. 


Table I also shows the mean chromosome con- 
jugation and association in the other autotetra- 
ploids and the aUotetraploids xmder investigation. 
In all the autotetraploids the mean number of 
quadrivalents is about the same (about 8). In 
the aUotetraploids, though we get the same range 
of quadrivalents as in the autotetraploids, the 
mean number of quadrivalents is slightly reduced. 
Since in the diploid hybrid between herbaceum and 
arboreum, there is a reduction in the chiasma fre- 
quency at metaphase I, as compared with the pure 
species [Skovsted 1933 ; Webber 1939], it is 


possible to expect also a reduction in chiasma fre- 
quency in the aUotetraploids and a consequent 
formation of less number of quadrivalents as 
compared with the autotetraploids. 

Anaphase I and telophase I are mostly regular. 
The univalents either pass to one of the poles or 
sometimes divide and the divided halves pass to 
the two poles. Of the 62 nuclei examined only 
in four cases lagging chromosomes were noticed. 
Figs. 15 and 16 show such laggards at interkinesis 
and telophase I respectively. Such cases where 
anaphases are cleaq without any lagging univa- 
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lents are reported in other autotetraploids where 
a high number of quadrivalents are formed, as in 
tetraploids of Primula sinensis [Darlington, 1931], 
CTcer [Ramanujam and Joshi, 1941], Garex sideros- 
ticta [Tanaka, 1940], etc* The distribution of 
chromosomes at anaphase I is given in Table II. 

' Table II ' 


Investigator 


Chromosome distribution at 
anaphase I 



26/26 

25/27 

24/28 

23/29 ; 

Total 

Beasley [1942] . . 

11 

8 

2 

1 

22 

Present data . 

10 

8 

1 

1 

20 


It is seen, that equal distribution of chromosomes 
is much more frequent than other distributions. 
Similar results are obtained in many autotetra- 
ploids. 

Mg. 14 shows an anaphase I, in the autotetra- 
ploid 1027 A. L. E., with 27 chromosomes in one 
pole and 25 at the other. In such cases the total 
number of bodies will be 52 or may sometimes be 
one more or less, depending upon the behaviour 
of the univalents. In some cases, however, the 
total number of bodies was much less than 52, 
suggesting that the four chromosomes of the 
quadrivalent have not all been separated by the 
repulsion force set up at anaphase and the chias- 
mata holding the chromosomes have not complete- 
ly unravelled. In Eig. 12, there are 33 bodies on 
the whole, of which 14 are in one pole and 19 at 
the other. Some of the bodies have two chromo- 
somes, some three, one suggest four, and some show 
only single bodies. A similar behaviour is also 
shown in Eig. 13. These suggest that in some of 
the quadrivalents the separation of chromosomes 
is in a 3/1 manner and in some the distribution 
is 2/2. In Eig, 12, where a body with four chromo- 
somes is seen, it is possible that a quadrivalent 
has passed as such to a pole. Such cases of non- 
disjunction where multivalents have passed as 
such to the poles have been reported in the autotri- 
ploids of rice [Ramanujam, 1937], where the ab- 
normality is still greater. In Prunus [Darlington 
and Moffett, 1930] and Bibes [Meiirman, 1928], 
such abnormalities persist up to second division. 
In the tetraploids under study, the author has also 
noted at metaphase II, cases where there are 20 
bodies in one plate and 22 at the other, suggesting 
that some of the bodies are composed of two or 
more chromosomes and are still held by chias- 
mata. Cases of non-disjunction where bivalents 
have passed as such to the poles have been re- 
corded in cotton by Eeng [1935] and Webber [1939]. 

While the formation of quadrivalents need not 
be a barrier for fertility in many plants, the nature 


of anaphase separation of the quadrivalents leading 
to the formation of gametes with unbalanced 
chromosome numbers, is taken as an explanation 
for the cause of sterility by some workers. Upcott 
[1935] considers that the low seed production, in 
the tetm-ploid Solanum lycopersicum, may be ex- 
plained by the observed frequency of non-dis- 
junction from quadrivalents. Miintzing [1936], 
Camera [1936], Randolph [1941] and others, how- 
ever, consider that mere chromosomal irregulari- 
ties are insufficient to account for the sterility 
in many autotetraploids but other factors should 
also be considered. Raptopoulos [1941] considers 
that certain descrepancies in the correlation bet- 
ween the number of quadrivalents and fertility 
may be due to differences in the relative co-orien- 
tations of their multivalents. Under such condi- 
tions, the author of the present paper feels, that 
in the polyploids under study, the differences in 
fertility may not be wholly due to the meiotic 
irregularities caused by multivalent formation. 
Further studies are necessary to explain fully the 
differences in sterility between the auto- and allo- 
polyploids under study. 

Metaphase II is normally regular in having only 
two plates (Eigs. 17 to 19). Of the 106 nuclei 
examined at this stage only in 21 nuclei (19*8 per 
cent) one or two lagging chromosomes were seen. 
Stephens [1942] gets about 12 -5 per cent irregula- 
rity at this stage. The lagging chromosomes were 
found to form their own tiny poUen grains, as 
was actually seen at sporad and pollen grain stages. 
Sometimes a metaphase with three plates was seen. 
In one such case, there were 18 chromosomes in 
one plate, 21 in the second and 13 in the third. 
Such plates give a hexad sporad after the divisions 
are complete. Sometimes, fusion of two sister 
metaphase plates was noticed (Eig. 20). Such 
cases ultimately lead to a dyad sporad after the 
end of the division. Sporad analysis shows dyads. 
Somme [1930] reports such fused second metaphase 
plates in the autotetraploid Primula sinensis and 
J^^rgensen [1928] in the autotetraploid Solanum 
nigrum. Though many cels at metaphase II are 
regular, the number of chromosomes in each plate 
is, however, variable as shown in Table III. 

Table III 


Chromosome distribution at metaphase 


Investigator 

26/26 

25/27 

24/28 123/29 ^ 

22/30' 

Total 

Present data 

30 

24 

' 19':: 3 


:^:;..77;n. 

Stephens* data (1942) . 

17 

10 


•O'... 



As in anaphase I the mode is at 26/26. The 
composition of the 26 chromosomes depends upon 
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the type of distribiition of chromosomes at ana- 
phase I, i.e. whether 212 ot 3/L When qnadriya- 
lents are formed and if 3/1 distribution of chromo- 
somes takes place at anaphase I, the conditions 
required to get 26/26 distributions of chromosomes 
are : (1) the number of quadrivalents in a nucleus 
must be in an eyen number, and (2) there must be 
equal chance of 3/1 separations. Though the two 
daughter cells have 26 chromosomes each, the 
number of each kind of chromosomes triplicated 
will be different in each daughter nucleus. 

In the allotetraploid (1027 xGaorani 6), a long 
bridge was seen at metaphase II, running from one 
plate to the other (Fig. 21). jKTo fragment was 
seen. Bridges at metaphase II have been re- 
ported by the author [Iyengar, 1942, 2] in the 
triploid hybrids between Asiatic and American 
cottons. Eecently, Beasley [1942] has drawn 
attention on the significance of bridges in cotton, 
from a speciation point of view. 

Anaphase II is mostly regular. Of the 52 nuclei 
examined at telophase II, only 6 showed lagging 
chromosomes (11*54 per cent). Stephens [1942] 
obtains a more or less similar value. Fig. 22 
shows a case where there are 25 chromosomes going 
to each pole in one spindle and 27 to each pole in 
the other spindle. In this pollen mother ceU, 
25 chromosomes must have gone to one pole and 
27 to the other at anaphase I. The resulting sporads 
form fom* spores, of which, two will have 25 
chromosomes and the remaining two will have 27. 

Sporads are mostly regular and are composed 
of four spores of equal size. An analysis of 400 
sporads showed 26 per cent irregularity. Most 
of the abnormal sporads had 1 to 8 supernumerary 
microspores. Dyads, pentads and hexads were 
rarely seen. Stephens [1942] finds in his material, 
98 per cent of the ‘ tetrads ' normal ; the remaining 
1*2 per cent were all triads and supernumerary 
microspores were not found. 

Table IV shows the percentage of abnormal 
sporads and of bad pollen in some of the tetra- 
ploids under study. 


Table IV 


Tetrapioids 


Percentage 
of abnormal 
sporads i 


Percentage 
of bad 
pollen 


1027 A. L.P. . . . ; 26 92 

1 A. Long Boll ... 8 99 

Gaorani 6 . . . 16 84 

1027 xGaorani6Fl . . 6 46 

1 A. L. B.xBed arborenm j 4 79 

Fl. I 

It is seen, that though the percentage of abnor- 
mal sporads is relatively low, the percentage of 
bad pollen is very high in all the cases. The 
estimation of good and bad pollen was made from 


fresh flowers whose anthers were about to burst 
and examined between 10 and 11 a.m. The 
anthers were teased and the pollen was mounted in 
lactic acid. A cover slip was then gently applied. 
The good and bad pollen could be made out clearly. 
The high percentage of bad pollen shows, that de- 
generation is caused by factors other than mere 
cytological irregularities met with in the poly® 
ploids under study. A similar behaviour has been 
reported in autotetraploids of other genera where 
latter stages of meisis after mataphase I are fairly 
regular and result in normal sporads but the per- 
centage of bad pollen is remarkably high. 

ChEOMOSOME niSTBIBXTTION IN THE PEOGENY OF 
ALLOTETRAPLOIBS 

Somatic chromosome counts of 27 plants in the 
progeny of the allo-tetraploids (1027 x Gaorani 6) 
showed that two had 51, twenty had 52, four 
had 53, and one had 54 chromosomes. Similarly, 
in the cross [tetraploid (1027 X G. 6) X cultivated 
Americans], of the 32 Fl plants examined for soma- 
tic chromosome numbers, one had 51, twenty-six 
had 52, and one had 524-1 fragment, two had 53 
and two had 54 chromosomes. The above observa- 
tions indicate that in the tetrapioids under study, 
gametes with 26 chromosomes seem to function 
most. Stephens [1942] found that all the Fl plants 
between autotetraploid (?. arftormmx diploid wild 
cottons, had 39 chromosomes. Further we have 
reason to believe that the gametes with 26 chromo- 
somes have two full sets of Asiatic chromosomes 
as shown by Stephens’ [1942] analysis of chromo- 
some conjugation in the triploid hybrids mentioned 
above and by the author’s analysis of chromosome 
conjugation in an Fl hybrid between an autotetra- 
ploid Asiatic cotton and a cultivated American, 
as will be seen in the following section of the paper • 

MeIOSISINTHE FI HYBEIB BETWEEN THE AXTTO- 

TETEAPLOIB ((?. HerbACEVM 1 A. LONG BOLL) 
ANB G. Hiesutum (strain Co 2) 

As previously stated, the autotetraploid Asiatic 
cottons are highly pollen sterile but the herbaceum 
autotetraploids cross with the cultivated American 
cottons. The resulting hybrids were found to be 
completely sterile. One hybrid between the auto- 
teraploid G. herbaceum (1 A. L. B.) and G. hirsutum 
(strain Co 2), which had 52 chromosomes (as judged 
from meiosis) was examined for chromosome con- 
jugation at metaphase I. The analysis is given in 
Table V. 

Fig. 23 shows 18 univalents, 3 bivalents, 8 
trivalents and 1 quadrivalent. In some exceptional 
cases (not mentioned in the analysis), less than 13 
univalents were noticed. Such a behaviour is 
possible, if pairing takes place within the chromo- 
somes of D set or one of D set pairs with the 
chromosomes of A set. Univalents less than 13 
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Table V 


chromosome configuratiOBs 

Number 

Univalents 

Biva- 

lents 

Triva- 

lents 

^ Quadri- 
valents 

Beiita- 

valents 

of 

P. M. 

Cells 

^ . 'IS 

9 

7 


... 

4 

U 

7 


1 


1 

13 

6 

6 

1 

1 

1 

13 

8 

6 


1 

1 

13 

6 

9 

... 


1 

■ W 

8 

6 

1 


1 

" u 

7 

8 

... 

... 

1 

■ ■ 11 ■ 

^ ■ 1 

i 



1 

■ 15 

4 



1 

1 

15 

' , ' 8 1 

■ ■ ,7 

... 


1 

IG 

4 ' 

1 ■ s 

1 


1 

xa 

9 

6 



1 

18 

3 

8 

1 


1 

Total . 22G | 

107 

119 

^ 1 

3 

16 

Mean .. 14*13 | 

6*69 

7*44 

0-31 

1 

0*19 



are reported in the hybrids between the Asiatic 
and cultivated American cottons [Webber, 1939 ; 
Beasley, 1942]. According to Skovsted [1937], in 
the FI hybrid between G. arboreum and G. in'- 
lobum, there is both auto- and alio -syndetic 
pairing. The chromosomes conjugation in one 
such abnormal ceU, in the hybrid under study, was 
found to be 11 univalents, 3 bivalents, 6 trivalents 
3 quadrivalents and 1 penta valent. 

At anaphase I, lagging chromosomes and bridges 
were noticed. Metaphase II also showed irregu- 
larities. The resulting sporads* showed abnor- 
malities. Dyads and triads were frequently 
noticed. 

The constitution of the hybrid under study is 
similar to that of Beasley’s [1942] hybrid between 
the autotetraploid G, herbaceum and G, Mrsutum. 
His drawings of a first metaphase shows many 
trivalents. He concludes that the chromosome 
composition of this type of hybrid and of Skbvs- 
ted’s [1934] 52 chromosome plants are essentially 
the same, in having 2A1 (AD) 1. 

Of the 52 chromosomes in the hybrid under 
study, 26 are derived from the cultivated American 
parent and hence one A set and one D set nf 
chromosomes are fully represented in the hybrid, 
on the assumption that the constitution of the 
American cultivated is 2 (AD). The remaining 
26 chromosomes derived from the Asiatic autotetra- 
ploid parent may have several types of constitution 
depending upon the number of quadrivalents and 
the type of segregation taking place in the quaari- 
valents of the particular pollen mother ceU from 


which the gametes with 26 chromosomes is derived. 
If the quadrivalents regulaHy separates in a 2/2 
manner to the poles at anaphase I then the 26 
chromosomes contributed by the autotetraploid 
will have two A sets fully represented. The 
constitution of the 52 chromosome hybrid obtained 
in the above manner wiU be 2 A (AD). During the 
mexosis of such a hybrid, the range of chromosome 
conjugation will be 13 III+13 I to 13 II-f 26 I* 
Since there is some affinity between and within 
the chromosomes of A and D sets in the diploid 
hybrid itself, occasional quadrivalents are also to 
be expected. On the other hand, if the number 
of quadrivalents in the autotetraploid are in an 
even number and at anaphase I if 3/1 and 2/2 
segregations take place in equal chances to the two 
poles, the 26 chromosome gametes, thus derived 
from the autotetraploid will have some chromo- 
somes represented three times and some represen- 
ted once. This replication depends upon the num- 
ber of quadrivalents formed and thus the types 
of chromosome configurations to be expected in 
the hybrids will vary according to circumstances. 
A study of a number of hybrids is underway to see 
how far the above expectations are fulfilled. 

Discussiok 

Ghmmsome conjugation in autotetraphids 

In an autotetraploid there are four sets of 
homologous chromosomes and in an ideal case 
quadrivalents corresponding to the basic set are 
formed, as in the tetraploids of Datura (Belling, 
1927], Melandrium album [Ono, 1939] and Gasteria 
[Sato, 1939]. But such a condition does not al- 
ways hold good in many plants. In the auto- 
tetraploid Lycopersicum esulentum with 48 somatic 
chromosomes we have different results. According 
to J^^^rgensen [1928] only one or two quadrivalents 
are formed. Lindstrom and Koos [1931] obtained 
mostly 12 quadrivalents and rarely bivalents. 
Lesley and Lesley [1930] found that seven quadri- 
valents are often formed but twelve quadrivalents 
were rarely seen. Upcott [1935] gets a range of 
1-8 quadrivalents. Similar diversity of results 
are obtained in other autotetrapioids a s in Primula 
[Somme, 1930 ; Darhngton, 1931], barley 
[Peto, 1936 ; Von Bergh, 1936], etc. According to 
Darlington [1931], these differences in quadriva- 
lent formation between the above genera are due 
to differences in the frequency of chiasma formation 
in the species. Tanaka [1910] points o t that the 
origin of the parent diploids and the physiological 
influence of the cytoplasm on the formation of 
fiuadrivalents, should also be considered. 

In some autotetrapioids chromosome conjuga- 
tion is further complicated by structural changes 
like interchange. Here, besides quadrivalents 
and bivalents, higher associations like penta- 
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hexa- , and septa-valents are also met witli. 
Such tetraploid^ lieterozygotes have 

been reported by Tanaka [1940] in Carex sideros- 
ticta, by Muerinan [1929] in Aucuba japonica and 
others. Thns, chromosome association shows wide 
variations in antotetraploids jfrom genera to genera, 
species to species and even within tfie species. 
These indicate that besides chromosome homology, 
other internal and external factors should also be 
considered. 

In the case of cotton, the chromosome mor- 
phology of the Asiatic cottons shows size differences 
within the somatic complement [Skovsted, 1933, 
1934 ; Arutjnnova, 1936 ; Abraham, 1940 ; Jacob, 
1942 and as examined by the author of this paper]. 
These differences in the length of the chromosomes 
may pa tly be responsible for the reduction in the 
expected numbers of quadrivalents. Secondly, 
according to Skovsted [1933], the Asiatic cottons 
are themselves polyploids and though normally 
regular bivalents are formed in the diploids, under 
some conditions, as when it is in the triploid 
condition (1933, 1934) and in haploid condition 
[as in the haploid American cottons (1933), where 
a few trivalents are formed] there is autosyndesis 
within the Asiatic complement. Such a 
behaviour may be shown in autopolyploids under 
some conditions. Recently Jacob [1941, 1, 2, 3 ; 
1942] has pointed out that structural changes 
have played a part in the evolution of the Asiatic 
diploid cottons. Such changes may also influei^ce 
the chromosome conjugation in the autopolyploids 
arising from such changed diploids. 

Auto- abb Allo-polyploidy 

Kihara and Ono [1926] classified polyploids into 
two groups, i.e. auto- and alio-. But the boun- 
dary between these two groups has become more 
and more vague, as continuous relation exists 
between the two groups, as shown by a number 
of people. 

From a chromosome pairing point of view, it is 
generally held that autopolyploids are differentia- 
ted from the allopol 3 q)loids by the number of 
multivalents formed during meiosis. But there 
are autopolyploids which form mostly bivalents 

in Solanumnigrum, [Jrgensen, 1J)28]. Solanum 
gracik [Kagawa, 1937], TuUpa chrysantha [Up- 
cott, 1939], etc. Kasparyan [1934] shows amphidi- 
ploids where chromosome behaviour is the same 
as in autopolyploids, as well as cases where there 
are regular pairing as in diploids and various 
intermediate cases. According to him, the ten- 
dency for multivalent formation depends more on 
the number of chiasmata norma ly formed by the 
chromosomes of the initial species than on the 
degree of homology of the different sets in the 
polyploid. Vorobiev [1934] says that the truer 
nature of any plant, particularly whether true 


auto- or allopolyploid, can be decided only by 
combining a genetical study with the cytological 
study, especially in view of the growing doubt as 
to the validity of chromosome conjugation as a 
criterion of homology. Mnutzing [1936] points 
out that even in pronounced allopolyploids there 
must be considerable degree of autopolyploidy as 
the different genoms have a great deal in common. 
Stebbins [1940] under certain limitations, defines 
an autopol 3 p)loid as a polyploid of which the 
corresponding diploid is a fertile species, while the 
allopolyploid is a polyploid containing the doubled 
genoin of a more or less sterile hybrid. 

In cotton, we have two types of allotetraploids ; 
one resulting from a cross between two closely 
related species as herhaceum and arhoreum where 
bivalents are formed at meiosis in the diploid FI. 
On doubling the chromosome number of the hybrid 
the allopolyploid formed shows a fairly high degree 
of quadrivalent formation as mentioned in the body 
of the paper. This situation is similar to the case 
in Crepis hybrids [Poole, 1931]. The behaviour 
of the other type of allotetraploids in cotton which 
are obtained by doubling the chromosome num- 
ber of the FI hybrids between G, arhoreum and 
G, anomalum [Iyengar, 1942] ; G, anomalum and 
<T. Damdsonii [Iyengar, unpublished] ; G. thurheri 
and G. [Beasley, 1940, 2] is different. 

These show mostly bivalents. The diploid FI 
hybrids of these polyploids show a high degree of 
sterility but the polyploids are relatively much 
more fertile. 

Summary 

Meiosis has been described in the autotetra- 
ploid G. herhaceum (1027 A. L. F.). Chromosome 
conjugation was studied at metaphase I, in the 
antotetraploids of two strains of G. herhaceum, of 
two strains of G. arhoreum and in the allotetra- 
ploids obtained from three hybrids between the 
above two species. A high proportion of quadriva- 
lents is seen in all the tetraploids. On an average, 
the proportion of quadrivalents is slightly lower 
in the allotetraploids. Maximum association, 
leading to 13 quadrivalents, is met with rarely. 
Meiosis, at later stages, is in general regular and 
finally normal sporads are mostly formed. But the 
pollen is largely defective, particularly so in the 
antotetraploids. 

The antotetraploids are pollen sterile and do not 
cross with the cultivated Asiatic diploids, but some 
success was obtained when the antotetraploids 
were crossed on to the cultivated Americans. 
The allotetraploids are self fertile to a certain ex- 
tent. 

The^ progeny of the tetraploids had mostly 52 
somatic chromosomes, indicating that in the tetra- 
ploids gametes with 26 chromosomes seem to func- 
tion most. 
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Meiosis in a sterile hybrid plant (2n=52) ob- 
tained from the cross between the antotetraploid 
G. herhaceum (1 A. L. B.) and G. hirsutum (Co 2), 
showed that many of the chromosomes of the three 
A sets are associated as trivalents and the chromo- 
somes of D set, left as univalents. The sterility 
in this hybrid may be partly due to the irregularity 
initiated by the formation of trivalents and univa- 
lents in large numbers, caused by the constitution 
AA(AD). 
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STUDIES OK THE ROOT ROT OE COTTOK IN SIND, I 

By N. Peasad, Assistant Mycologist, Agrieultural Research Station, Sakrand, Sind 
(Received for publication on 12 December 1942) 


Root rot is one of the more common diseases 
aifecting cotton in India and has been recorded to 
be serious in the Punjab, Gujerat and Sind. This 
disease occurs in Sind every year and is responsi- 
ble for causing considerable damage to the cotton 
crop in the province. Generally, the percentage 
of infection varies between 5 and 10 per cent but 
observations taken at Government Auxiliary 
Farm, Shahdadkote, show that the intensity of 
infection can he as high as 60 per cent. Yasudeva 
[1935], who investigated the problem at Lyallpur, 
found that both Rhizoctoma solani Kiihu and 
Bhizoctonia hataticola (Taub) Butl. can cause the 
disease in the Punjab, while Likhite and Kulkarni 
[1934] are of the opinion that in Gujerat it is due 
to the combined effect of Bhizoctonia hataticola 
(Taub) Butl. and a nematode. The above workers 
obtained certain types of Fusaria along with 
Bhizoctonia hataticola (Taub) Rutl. in the isola- 
lations from the affected roots of cotton. Since 
there appears to be variation in the organism and 
symptoms associated with this disease, investiga- 
tions were undertaken to determine the nature and 
the cause of this disease in Sind. 

Symptoms 

The first visible symptom of the disease is 
complete wilting of the plant. The affected plant 
can be pulled out easily from the soil. Practically 
all the lateral roots are destroyed. On squeezing 


the roots, a yellow liquid oozes out. The cortical 
tissues of the root become fibrus and the central 
woody portion turned brown and in severe cases 
of attack it becomes black. 

In certain respects, the root rot of cotton in 
Sind resembles the root rot in the Punjab, Gujerat 
and Texas. The common symptoms at all the 
places are that the affected plants die suddenly, 
the roots of the plants become yellow in colour and 
on squeezing the roots, a yeUow liquid oozes out. 
Peltier [1926] reports that the leaves of the plants 
attacked by root rot in Texas become yellow 
before the actual wilting starts. This symptom 
has not been observed either in the Punjab, 
Gujerat or Sind. 

In Texas, the root rot is caused by PhymaJto- 
trichum omnivormn (Shear) Duggar. It is generally 
serious at the time of square formation. In 
Gujerat the disease appears when the flowers have 
been formed while in the Punjab it appears when 
the plants are about two months old. But in 
Sind the disease manifests itself when the plants 
are only 15 days old and continues up to tfle boll 
formation stage. Thus the disease in Sind appears 
much earlier and remains active for a longer period 
than in the Punjab or Gujerat. 

Isolation- 

Two methods of isolation were used : 

’{i) By surface sterilization of the affected 
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portion in 0*1 per cent mercuric chloride 
solution and transferring these pieces 

aseptically to agar slants after washing 

them thoroughly in sterilized water. 

(u) Davies [1935} silver nitrate, sodium chlo- 
ride method was used. 

From almost all the pieces, of infected tissue, 
Fmarium, Rhizoctonia few other saprophytic 
fungi grew out in the course of a week. Over 

700 isolations were made from different 


places. Saprophytic fungi like Aspergillus^ Pen- 
nicilUum, etc. were eliminated. The rest of the 
isolates were grouped under seven groups. For 
grouping these aerial mycelium, discoloration of 
the medium and spore- hearing structures were 
taken into consideration. Afterwards these 
groups were microscopically examined and slight 
differences were found to exist between them. 
The characters on which these groups were 
based are given in Table I. 


Table I 

Types of fungi isolated from cotton 


Type No. 

Aerial mycelium 

Discoloration of the mycelium 

Spore bearing structures 

X 

Whitish, fluffy . . , 

Light brown . . . . 

None 

2 , 

Pinkish . . , 

Pink . . 

None 

3 

None 

None . . . . 

Sclerotia abundant 

4 

Scanty, whitish 

Dark brown . 

Sclerotia abundant 

5 

White 

Dark brown .... 

Sclerotia not abundant 

6 

Dirty white . 

Black . . . . . 

Sclerotia abundant 

7 

Buff . ... 

Brown . . . . 

None 


Table II 

Number of isolates of each type obtained 


Type 

No. 

No. of cultures 
of isolates on 
30-1-1939 i 
Sakrand i 

30-4-39 

Sakrand 

15-9-39 

Sakrand 

30-5-39 

Dadu 

15-6-39 

Mirpur- 

khas 

1-7-39 

Sakrand 

1-8-39 

Sakrand 

3-9-39 

Shahdad- 

kot 

Total No. 
isolates 

■ 

1 

■5 : 

11 

7 

6 

11 

7 

3 

22 

67 

2 

i 2 

3 

6 

0 

2 

8 

2 

7 . 

28 

3 

9 

7 

5 

0 

9 

9 

5 

' 25 ■ 

60 

4 

3 ' " 

2 

2 

6 

1 

11 

0 

6 

30 

5 

11 

5 

10 

7 

0 

13 

9 

10 

54 

6 

6 

8 

0 

0 

3 

2 

0 

11 

24 ■ 

7 


0 1 

1 

0 

0 

0 

3 

3 

13 

28 


In Table II are given the numbers of various 
types of isolates that were obtained at each iso- 
lation along with the locality from where the 
affected material was collected. 

PATHOGEJfICITy TESTS 

Inoculum of types 1-7 was prepared by growing 
these fungi in Erlenmeyer flasks on sterilized 
mixture of 190 gm. of soil and 10 gm. of wheat 
flour. To every 200 gm. of mixture 60 c.c. of 
water was added. Five flasks of each type were 
prepared. In about three weeks’ time the cultures 
were ready to be transferred to the pots. 12 inch 
pots were two-thirds filled with sterilized soil. 
Half the contents of each flask were sprinkled 
over the sterilized soil. Six cotton seeds were 
placed on the inoculum in the pots. These seeds 


were covered with the other half of the inoculum 
which in turn was covered with sterilized soil. 
There were four pots of each type. In the pots 
kept as control, the seeds were sown between two 
layers of sterilized soil and wheat flour. 

The seedlings emerged through the soil six days 
after the sowing. There was good germination in 
nearly all the pots. Twenty days after the sowing 
wilting appeared in pots inoculated with type 3. 
The wilting was very sudden and the plant was 
found in a drooping condition. In about a week’s 
time in that series of pots practically all the plants 
died. Two days after the first wilting appeared, 
plants began to die in pots inoculated with types 
1 and 5. The experiment was finished on 24 
April 1939. Results obtained from this experi- 
ment are given in Table III. 
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The wilted plants were taken out and isolations 
made from them. In all the cases, the fungi 
obtained were the same as those they had been 
infected with. Some plants were found to be 
wilting in the control pots as well, isolations from 
such plants yielding fungi like Aspergillus, 

It is clear from the above experiment that a type 
of Fmarium djnA two types of BMzoctonia are 
capable of causing a disease in cotton similar to 
root rot in nature. By comparing the results of 

. Infection experiment I 
Table III 

Germination and rotting with isolate Nos, 1 and 7 


Types of 
isolates 

No. of 
seedlings 
germinated 

No. of 
seedlings 
rotted 

Germina- 

tion 

percentage 

Rotting 

percentage 

1 

21 

5 

87-5 

24*0 

2 

20 

0 

83*3 


3 

1 22 

7 

91-7 

3i‘8 

4 

; 29 

0 

79-2 


■ '!>■ ■ 1 

■ 18 

3 

76-0 

16-7 

0 

17 

0 

70*8 


7 

21 

0' 1 

87-5 


Control 

23 

0 

95-8 



this experiment to the table of isolations, it is 
revealed that the isolates which were parasitic 
appeared most frequently at the time of isolations. 

The symptoms produced by Fmarium and Bhi- 
zoctonia resembled each other in all essential 
characteristics. The main diiference between the 


: : [XIV 

two was that the discoloration produced by 
BMzoctonia was very much darker than was the 
case with Fusarium, 

Experiment. II 

Only isolates 1 and 3 were selected for further 
trialas these caused the greatest amount of da- 
mage. The inoculum was made in the usual manner . 
The following five series of pot culture were ar- 
ranged. 

(i) Pots having inoculum type 1 only, i.e. 
Fusarium alone. 

(ii) Pots having f inoculum from type 1 and 
J from type 3, i.e. BMzoctonia, 

{Hi) Pots having | inoculum from type 1 and 
f from type 3. 

(it;) Pots having | inoculum from type 1 and 
I from type 3. 

(t;) Pots having inoculum from type 3, i.e, 
BMzoctonia alone. 

In the central pots the seeds were sown in 
between the layers of sterilized soil and wheat 
flour. Six seeds of cotton were sown in each pot. 

The seedlings emerged through the soil six days 
after the sowing. The germination was good in 
all cases. In the pots having half and half inoculum 
from each type, the wilting appeared 19 days 
after sowing, while in other cases wilting appeared 
after 28 days. The results obtained in this ex- 
periment are given in Table IV. 


Infection experiment II 
Table IV 

Germination and rotting with isolates 1 and 3 


S. No. 

Types of isolates 

No. of 
seedlings 
germinated 

No. of 1 
seedlings i 
rotted j 

, ,i 

No. of 
days 
to rot 

Germina- 
tion percen- 
tage 

Rotting 

percentage 

1 

Fusarium alone isolate No, 1 . 

21 

14 1 

26 

87*5 

19*0 

2 

J Fusariumy f BMzoctonia 

■22 

C: ■■' ! 

" ;.25',.'. 

91*7 

27*3 

3 

1 Fusarium, | BMzoctonia 

20 

" 16' 'I 

19 

83*3 

80*0 

4 

1 Fusarium, J BMzoctonia 

19 

■ . 5 i 

27 

95*8 

26*3 

5 

BMzoctonia alone .... 

23 

6 

25 

95*8 

26*0 

6 

Control without any inoculation 

■ 

24 

1 '■ ^ ' 

i 


100*0 

■■ 


It is quite clear from the above experiment that 
Fusarium. (Type 1) and BMzoctonia (Type 3) are 
more parasitic when together than either of them 
singly. When together they cause the disease to 
appear much earlier and the number of plants 
attacked is also much more. 


The symptoms produced by BMzoctonia and 
Fusarium in combination very much resemble 
that produced by BMzoctonia, The discoloration 
of the roots is much more intense and the colour 
varies from dark brown to black. The discolora* 
tion is the deepest at the collar. 
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Mobtholggy of the boot-bot fungi 

Isolates 1, 3 and 5 which caused rotting were 
I selected for morphological study. Isolate No. i 
was a Fusarium while the other two belonged to 
the gBmiB Ehizoctonia. 

^ Both the isolates 3 and 5 were grown on oat- 

meal agar and potato dextrose agar along with a 
pure Gvltum oi Rhizoctonia bataticola (Taub) ButL 
obtained from the Imperial Mycologist, Imperial 
Agricultural Research Insittute, New Delhi. 
They resembled each other in all essential charac- 
ters. The diameter of the mycelium and of sclero- 
' , tia was found to be the same in all cases. The 
isolate No. 5 dijffered from No. 3 only in the pre- 
sence of a white fluffy mycelium. 

Efforts were made to obtain the pycnidial 
stage. The fungi were grown on different media 
at different hydxogen-ion concentrations and at 
different temperatures. At no stage, pycnidia 
were found to appear. So the fungus has ten- 
tatively been given the name RMzoctonia bataticola 
(Taub) ButL 

The isolate No. 1 was grown at a temperature of 
about 25°C. in tubes of media prepared according 
to the methods of WoUenweber et al: [1925] and ^ 
its characters were noted on these media. The 
c culture of this Fusarium was sent to the Imperial 
Mycologist, Imperial Agricultural Research Insti- 
tute, New Delhi, for identification. It has been 
identified by him to be Fusarium coeruleum (Lib) 
Sacc. The characters of this are as follows. 

Spores are in cream coloured and bluish green 
sporodochia, typical martiella shape with distinct 
^ septations and rounded base and oblique tip. 

Mostly 3-septate chlamydospores are present 
^ terminal and inter- calary. Microconidia abundant 
in aerial mycelium in false heads. 3-septate 
macro-conidia measure 5* 0 X 27*6 (4*6— 6; 0 X 
24* 1 — 32*5) [X, giving a length to breadth ratio of 
5*5 : 1. 


RMzoctonia bataticola (Taub) ButL is the chief cause 
of root rot of cotton in India. It has further 
shown that Fusarium (Lib) Sacc. is also 

one of the important causes of root rot in Sind. 

In the United States of America Woodroof 
[1927] has reported that a damping off disease in 
cotton is caused by Fusarium moniliforme Sheld. 
In Sind the root rot of cotton is also known to 
occur in early part of June when cotton is just in 
the seedling stage. Perhaps this might be com- 
parable to the damping off of cotton seedlings in 
U. S. A. It is difficult to say at the present stage 
of knowledge that Fusarium coeruleum (Lib) Sacc. 
causes this disease in Sind while Rhizoctonia 
bataticola (Taub) ButL is responsible for root rot 
of cotton at a later stage. Fact at present re- 
mains that both the fungi have been isolated at all 
stages of growth of cotton and both have been 
found to produce a similar disease in artificially 
infected pots. Further study of this problem will 
be able to throw a proper light on this important 
issue. 

SUMMAEY 

Isolations were carried out from rot-affected 
roots of cotton collected from different places in 
Sind. These gave cultures of Fusarium and 
RMzoctonia, Both of these were found to be 
parasitic. They were found to be doing much 
more damage when both of them were together. 
They were identified to be as Fusarium coeruleum 
(Lib) Sacc. and RMzoctonia bataticola (Taub) ButL 
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liiGE is one of the staple food grain crops of 
the Punjab hills. It occupies about one 
million acres. It is subject to a number of 
fungal diseases of which the Stem-rot is most 
serious and causes heavy damage. The loss 
due to this disease varies from year to year and 
place to place. In certain years, when the 
conditions are favourable for the disease, half 
to three-fourths of the crop is destroyed. The 
loss of 5 to ib per cent of the crop is common 
every year. It amounts to several lakhs of 
rupees. 

The disease occurs mostly in the Sheikhu- 
pura, Gujranwala, Kamal and Ourdaspur 
districts and is met with to a small extent in 
hills. 

Some preliminary studies on this disease in 
the Punjab were conducted by Luthra and 
Sattar [1936]. They described the pathogeni- 
city of the cmssl ixmguB {ScUrotium oryzae 
Catt.), symptoms, distribution * and modes of 
perpetuation of the disease. 

The present paper deals w:ith the study of 
certain environmental factors affecting the 
incidence of the disease and its control 
measures. 

Experimental 
A. Material and methods 

Bice seed for the experimental crop was ob- 
tained from he. Assistant Cerealist, Bice Parm, 
Kala Shah Baku, and was grown by two 
methods, viz. (i) broadcast and (ii) transplant- 
ing of seedlings. 

Before use the seed was disinfected in 0-1 
per cent solution of mercuric chloride for 15 
min. The soil was infected by adding to the 
upper 3-4 in. of it diseased rice stubble or 
pure culture of the fungus. The fungus was 
grown on husked rice and oatmeal agar (oat- 
meal 50 gm., agar agar 20 gm., made up to 
one litre in distilled water) at 25^*0. and three 
weeks old culture thus prepared was used. 

Manures were added two 'weeks after trans- 
planting ^ of seedlings. Each fertilizer was 
mixed with an equal amount of powdered soil 


before adding to the plots. This was done to 
facilitate application. 

The experimental plots for control measures 
were separated from each other by 3 ft* high 
walls of unburnt bricks to prevent the transfer 
of diseased material from one plot to the other. 
Experiments were cariied out at the Botanical 
Farm, Lyallpur, and the Bice Farm, Kala 
Shah Kaku. 

B* Effect of sowing and transplanting rice 
ON different dates 

The sowing and transplanting of rice in the 
Punjab are started in the first week of May and 
continue to the middle of July depending upon 
the variety of rice to be grown, water supply, 
and local cultural practice. 

In order to study the effect of sowing and 
transplanting of rice on different dates, in 1935 
an uninfested piece of land was divided into 
small plots each measuring 25x3 ft. Bice 
No. Jhona 349 was used in the experiment. 
Sowing and transplanting were carried out 
after every fortnight. Sowing was started 
from 10 May and transplanting from 10 June 
and were continued to 25 August. For every 
planting forty-day-old seedlings were used. In 
each case soil was infected with tFe culture of 
the fungus five days before sowing and trans- 
planting. 

There were two sets of experiments. In set 
A, plants were thinned one month after sow- 
ing or transplanting and the other set B was 
not thinned. Other treatments in both cases 
were similar. The results are given in Tables 
,I and II. 

It will be seen from the results given in 
Tables I and II that sowings done on 10 July 
or later were practically free from the disease. 
But late sowings are not recommended as 
yield is reduced. In a locality where the dis- 
ease is very serious late sowings would be 
useful. 

(C) Effect of stagnant water 

^ Water is a limiting factor in the success of 
rice. It is mostly grown in the semi-water- 
ogged areas. All cultural operations are done 


StEM-EOT DISEASE OF ElCE 


45 


Table I 


Effect of different dates of sowing 


f 

Serial 

Date of sowing in 1935 

Percentage of diseas- 
ed plants 

Set A 
(Plants 
thinned) 

SetB 

(Plants 

not 

thinned) 

; 1 

10 May 

14*8 

15-5 


25 May 

84*1 

04*4 

'.a'. 

10 June 

42*4 

28*0 

4 : 

25 June 

40*8 

18*7 

1 ■ ■■■■ ,5 

10 July 

0*0 

5*0 

6 

25 July 

0*0 

0*0 


10 August . 

0*0 

0*0 

8 

25 August . 

0*0 

0*0 ' 


Table II 


Effect of different dates of transplanting 




Percentage of diseas- 



ed plants 

Serial 

Date of transplanting in 


1 Set B 

No. 

1935 

Set A 



(Plants 

(Plants 



thinned) 

not 



thinned) 

1 

10 June 

43*4 

38*4 

2 

25 June 

31*5 

33-3 

3 

10 July 

0*0 

0*0 

" 4 

25 July 

0*0 

0-0 

5 

10 August . 

0*0 

0-0 

6 

25 August . 

0*0 

0-0 

i 



in puddled conditions and water is kept stagnant 
throughout the growing period of the crop. 

Bamiah [1937] pointed out that though in 
India it is considered essential to keep water 
always in the field throughout, the growth of 
the crop yet in some countries, Italy, 
Spain and America, water is drawn ofi com- 
pletely from the field now and then. It seems 
that rice can stand this treatment without any 
harm. 

It was observed that the usual practice of keep- 
ing water stagnant in rice fields throughout the 
growing period, favoured the attack of the stem- 
rot disease. In order to confirm the observa- 
tions, field and pot experiments were arranged. 

Pots used for this purpose were cemented 
at the bottom and water was kept standing and 
maintained by periodical additions. For the 
study of effect of absence of stagnation in pots, 
water was applied in small quantities as re- 
quired to maintain the plants and keep the soil 
moist, Similarly in the field plots, water was 


always kept stagnating. On the other hand, 
from the control plots water was drained off 
now and then by opening the bunds. For pot 
experiments No. Jhona 349 was used but in the 
field 19 varieties of rice were grown. In each 
pot five seedlings were transplanted. Soil of 
pots and field was inoculated with the culture 
of the fungus. Besults of pot experiments are 
given in Table III and the field observations in 
Table IV. 

Table III 


Effect of stagnant water {pot experiments) in 19Sij 


Pot No. 

Percentage of diseased plants 

Water stagnant 

Control (water not 
stagnant) 

1 

100*0 

0-0 

11 

100*0 

0-0 

III 

100*0 

0*0 

^ IV 

33*0 

0*0 

V 1 

40*0 

0-0 

VI 

25-0 

i 0*0 

vn 

40*0 i 

0-0 

VIII 1 

40*0 

0-0 

IX 

20*0 

0-0 


Table IV 


Effect of stagnant water in 193S 


Serial 

No. 

Variety 

Percentage 
ed p 

Stagnant 

water 

of diseas- 
[ants 

Control 
(water not 
stagnant) 

1 

Jhona 349 . . . 

38-8 

0 

2 

Mushkan 7 

0-0 

0 

3 

Sonkesar 225 

81-5 

4*7 

4 

Sathra 278 . 

42-3 

0 

5 

Sonpattar 14 

50-0 

0 

6 

Mushkan 41 . , 

0-0 

0 

7 

38 A. . . . 

25-0 

7*7 

8 

14 (S) . . . 

58*3 

0 

9 

337 (A) . . . 

11-1 

0 

10 

Palman 46 . 

23*5 

0 

n 

32 . . 

0*0 

0 

12 

K.V. 32 . 

30*0 

0 

13 

Basmati 3 . 

-4*2 :. 

0 

14 

128 .... 

41*2 

25*0 

15 

Bara 62 

13*3 

0 

16 

Basmati 370 

0*0 

0 

17 

Dhan 21 . . 

57*1 

10*0 

18 

Munji 22 . 

54*7 

6*2 

19 

Banjha 360 

50*0 

0 


It will be seen from Tables III and IV that 
the results of both the pot and field experi- 




I 
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ments establisli that stagnant water increases 
infection to a considerable extent. Periodical 
drainage of stagnant water results in the total 
elimination of infection or it appears only in 
mild form. Heyes [1929] stated that one of 
the predisposing causes of the disease is the 
presence of abundanoe of stagnant water. 

Tullis and Gralley [1933] mentioned that of 
the various control measures the most promising 
appears to be withholding of stagnant water from 
the rice fields for some time prior to maturity, 
though enough should be present to beep the soil 
muddy throughout the growing season. 

(D) Effect of manubbs 

It has been commonly observed that potassic 
and phosphatic fertilizers tend to reduce the inci- 
dence of infection by certain fungi and on the 
other hand nitrogenous manures have been seen 
to promote infection. It was, therefore, deemed 
desirable to study the eSeet of different manures 
on the incidence of the stem-rot disease. 

Manurial experiments w;ere arranged at the 
Botanical Farm, Lyallpur in 1935^ 1936, 1938 
and 1939. For these experiments land was 
divided into sub-plots each measuring 25x6 ft. 
Between each series of two plots a buffer strip 
3 ft. wide unsown ^was kept. Experimental 
plots were artificially infected with the culture 
of the causal fungus. 

Six week old seedlings . of type Jhona No. 349 
were transplanted in 1985 and 1936, while 
Sonkesar 225 was used in 1988 and 1939. 

The following manures were added two 
weeks after transplanting and control plots 
were kept. 

1. Farmyard manure at the rate of 1000 md. 

per acre. i 

2. Sulphate of ammonia at the rate of 5 md. 
per acre. 

3. Superphosphate at the rate of 2^ md. 
per acre. 

4. Potassium chloride at the rate of 2 md. 
per acre. 

The results are given in Table V. 


Table V 

T^ Effect of different manures 


Serial 

No. 

1 

Treatment | 

1 

Percen 

disease 

1936 1936 

tage 
d pla 

1938 

of 

nts 

1939 

Aver- 
age of 
all 

r years 

I 

Sulphate of ammonia 

13-731-9 

39*1 

36*6 

27*8 

% 

Farmyard manure 

4*9 

11*4 

1 8*0 

18-0 

10*5 

"3 ‘ 

Superphosphate 

4*6 

8*6 

1 0*0 

10-0 

6*77 

4 

Potassium chloride 

3*0, 

7*0 

0*7 

7*4 

4*62 

5 

No manure (control) 

' 2-9 

4*3 

j.-i 

8*3 

4-25 
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From the results given above it will be seen 
that nitrogenous manures definitely increase in- 
fection. Ill the case of potassic and phosphatic 
fertilizers the disease was markedly less but it 
was greater than the control. 

Cralley [1939] studied the effect of fertili- 
zers on the stem-rot disease. He stated that 
nitrogenous and phosphatic fertilizers in- 
creased the severity of the disease. He fur- 
ther mentioned that application of polassium 
on the other hand did not increase the sever- 
ity of the disease. He recommended tke 
addition of sufficient potassium on the stem- 
rot infested fields. The authors are of opi- 
nion that under the Punjab conditions the 
addition of potassium will not prove useful 
The only point of economic importance is to 
avoid the heavy application of nitrogenous 
manures in the diseased rice area. 

(B) The relative REsiSTAisrcB op various 
VARIETIES OP RICE 

Experiments on the relative resistance of 
various varieties of Punjab rice to the stem-rot 
disease were carried out at the Botanical 
Farm, Lyallpur, and the Government Bice 
Farm, Kala Shah Baku. Nineteen varieties 
of rice were used in the experiment. The ex- 
periment was arranged in a naturally infested 
field at the Bice Farm Kala Shah Kaku, while 
at Lyallpur it was artificially infected with the 
culture of the fungus and diseased rice 
stubble. The results are given in Tables VI 
and Vn. 

From the results given in Tables VI and VII, 
it will be seen that some fine varieties of 
of Punjab, i.e. Nos. Basmati ’870, Bara 62, 
Mushkan 7, Basmati 3 and Mushkan 41 are 
highly resistant, while Sathra 278, Sonkesar 
225, Sonpattar 14 are most susceptible. The 
remaining varieties may be called tolerant to 
the disease; 

(F) Control measures 
For the direct control of the stem-rot dis- 
ease of rice some experiments were conducted 
at the Botanical Farm, Lyallpur, and the 
Bice Farm, Kala Shah Kaku. 

^ For these experiments a piece of naturally 
infested land was selected and divided into 
various sub-plots, each measuring 64x10 ft. at 
the Bice Farm Kala Shah Kaku and 15x15 ft. 
at the Botanical Farm. Lvallpur. Seedlings of 
varietv No. Sonkesar 225 grown in uninfested 
soil were transplanted in the middle of July 
every year:’ The following treatments were 
carried out and control plots were, kept. 

%, Burning of rice stubble m sHu, 
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■ : .Table VI 


The relative resistance of varieties of rice to the 
stem-rot disease at Lyalpur 


Serial 

No, 

Name of 
variety 

I 

di 

1935 

Percentage 
seased pla 

1 

19361938 

of 

nts 

1939 

Average 
percentage 
of diseased 
plants 

,1 

Basmati 370 

0 

0 

0*5 

0*0 

0*1 

2 

32 . . 

0 

0 

0 

2*5 

0*6 

3 

Mushkan 41 

0 

0 

0 * 

7*3 

1*8 

-4 

Malster 346 



0 

3*6 

1*8 

5 

Muslikan 7 

6-0 

4*5 

0 

0 

1*1 

6 

Basmati 3 

2-1 

0 

4*6 

0*5 

1*8 

7 

Bara 62 . . 

6-7 

0 

0 

0 

1*7 

8 

Begmi 337A 

5*5 

0 

0 

4*0 

2*3 

9 

Dhan 202 . 




0 

11*3 

5*6 

10 

DhanK, V. 22 . 

i 5*0 

6 

9*5 

0 

6*1 

11 

Dhan 21 . 

9*7 

0 

0*7 

2*8 

3*3 

12 

Palman 46 

11*7 

4*0 

4‘1 

5*3 

6*2 

13 

Ranjha 360 

25*0 

4*0 

0 

3*5 

8*1 

14 

Sathra 278 

26*1 

5*0 

0 

25*9 

14*2 

15 

Jhona 349 

19*4 

25 * 5 ; 

0 

1*5 

19*1 

16 

128 . 

33*1 

28*018*9 

3*7 

20*9 

17 

38A- . . 

16*3 

64*0 

1-3 

3*6 

21*3 

18 

Sonpattar 14 . 

29-2 

73-022-9 

6*7 

32*4 

19 

Sonkesar 225 

43*1 

42*824*8 

. 1 

23*0 

33*3 


Table VII 

The relative resistance of varieties of rice to the 
stem-rot disease of rice at Kala Shah Kahn 


Serial 

No. 

Name of 
variety 

Percentage of diseas- 
ed plants 

f 

Average 
percentage 
, diseased 

1935 

1936 

plants 

1 

Bara 62 

1*9 

0 

0*9 

2 

Mushkan 7 

2*3 

0 

1*1 

3 

246 . 

0 

2*1 

1*0 

4 

Basmati 370 

3*3 

0 

1*6 

5 

K. V. 6 

r , ■■■' '0 • . 

4*2 

2*1 

6 

Jhona 349 . 

3*3 

1*4 

2*3 

7 

i Mushkan 41 

1*0 

5*0 

3*0 

8 

Ranjha 360 

6*1 

0 

3*0 

9 

K. V. 22 . 

8*0 

0 

4*0 

10 

Malster 346 


8*3 

8-3 

. 11 

257 . 

'« « 

14*2 

14*2 

12 

378 . 

20*2 

0 

10*0 

13 

Begmi 337A 

29*0 

0*5 

14*7 

14 

K. V. 38 . 

28*4 

0*9 

14*5 

15 

Sonpattar 14 

61*8 

2*5 

32*1 

16 

Sonkesar 225 

. . 

65*2 

65*2 

17 ^ 

Sathra 278 . 

100*0 

45*6 

72*8 


2, Removal of stuBble by beans oi Khurpa 
(a country made hand tool). . 

3, Ploughing the rice field, collecting and 
destroying the stubble thus uprooted, 

4, No treatment (control). 


The above treatments were carried out after 
harvesting the crop. The results are given in 
Table VIIL 

" Table VIH ' V 


Eesults of experiments on the control of the stem-rot 
disease of rice at Lyallpur and 
Kala Shah Kaku Farms 


Serial No. 

Treatment 

Percen- 
tage of 
diseased 
plants at 
Lyallpur 
Parm 

Percen- 
tage of 
diseased 
plants at 
Kalash- 
ahkaku 
Farm 

Average 
percentage of 
diseased plants 

1935 

36 

1936 

1936 

1936 

1 

Burning of stuhble in situ 

21*0 

14*3 

46*8 

11*4 

23*4 

2 

Removal of stubble by 







means of Khurpa 

3*7 

17*7 

61*8 

17*8 

25*25 

3 

Ploughing and collection 







of uprooted stubble . 

12*1 

27*1 

. . 

. . 

19-6 

4 

No treatment (control) . 

34-7 

30-5 

67*2 

20*0 

38*1 


Prom the results given in Table VIII, it is 
clear that the . biiming of stubble w situ is 
fairly effective. This method is cheap and 
easy to be carried out after harvesting the 
crop. Hence for simply controlling the 
disease by the sanitary measures, it is neces- 
sary that all the farmers in a locality should 
work in co-operation and carefully destroy the 
diseased stubble, which is the main source of 
carrying infection from crop to crop. 

It was observed that the diseased stubble 
and the sclerotia of the causal fungus after pEhe 
treatments had been done, were spread by 
strong winds and rainfall from the untreated 
to the treated plots. Young [1926] pointed 
out that infection is spread by soil, stubble and 
straw. Lester [1928] described that scalerotia 
are believed to be distributed by the irrigation 
water. 

In order to prevent the importation of infec- 
tion into fields, on which the effect of burning 
stubble for control of the disease was studied, 
the following precautions were adopted. In 
1989 a naturally infested plot which had 
carried 37.8 per cent diseased plants in 1938 
was divided into four sub-plots, each measuring 
25 x20 ft. A cross wall three feet high of 
hacha bricks was erected in between the ex- 
perimental plots. Each plot received irriga- 
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tion by a separate channel and during irrigation 
every possible care was exercised not to allow 
water to pass from one plot to the other. 

In two opposite plots burning of stubble in 
situ was done after harvesting the crop in 1938. 
The other two plots were left untreated. 
Seedlings of variety No. Sonkesar 225 (which 
is most susceptible to the disease) were grown 
in uninfested soil and transplanted on 25 July, 
1939. The results are given in Table IX. 

Table IX 


BesuUs of experiment on the control of Solerotium 
oryizae at the Lyallpur Farm in 1939 


Serial 

No. 

Treatment 

Total 
No. of 
plants 

No. of 
diseased 
plants 

Percentage 
of diseased 
plants 

1 

Burning of stubble in situ . 

404 

0 

0 

' 2 

Untreated (control) . 

466 

87 

18-7 

3 

Burning of stubble in situ . 

461 

0 

0 

4 

Untreated (control) , 

402 

27^.^. 

6*7 

i 


From the results given in Table IX, it will 
be seen that the burning of strnbble w situ is 
a very efective operation for controlling the 
disease. It is suggested, therefoi^e, to isolate 
the infected area by high and strong bunds, 
which will serve as effective barriers against 
the spread of secondary infection by wind and 
irrigation water. 

Summary 

1. The importance and distribution of the 
disease caused by the fungus Solerotium oryzae 
Catt. has been described. The disease is 
common in many rice growing districts of the 
Punjab and causes considerable loss. 

2. The effect of certain environmental fact- 
ors on the incidence of the disease has been 
studied. The important results are: 

(a) Infection is reduced if late sowing and 

late transplanting are done but these are not 
recommended. . , 

(b) - Keeping water stagnant throughout the 
growing period of the crop increases the inci- 
dence of the disease. If water is drained off 
now and then the disease is controlled to a 
great extent. 

(c) Application of nitrogenous manures fa- 
vours the attack of the disease. 


[XIV 

8, The relative resistance of 19 varieties of 
the Punjab rice has been tested. The results 
show that Basmati and Mushkan groups of rice 
are most resistant to the disease. 

These varieties are:— 

Basmati 370, 

Basmati 3, 

Mushkan 7, 

Mushkan 41; and 
Bara 62. 

On the other hand Sathra and Son groups 
of rice are most susceptible to the disease and 
these varieties are: 

Sonkesar 225, 

Sonpattar 14; and 
Sathra 278, 

Other varieties tested are intermedmle in 
this respect. 

4. Various control measures were tried and 
the following are recommended. 

(a) Diseased rice stubble should be burnt in 
situ. 

(b) Strong and high bunds should be made 
round the infested fields. This will cheek the 
spread of the disease by wind and irrigation 
water. 

(c) Water should not be kept stagnant 
throughout the growing period of the rice crop. 
Soil should be exposed to open air now and 
then. 

(d) Disease resistant varieties of rice should 
be grown. 
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SOME RARE AND NEW SMUTS EROM INDIA 

By B. B. Mitndkijb, Imperial Agricultural Besearch Institute, I?few Delhi 
(Keceived for publication on 3 March 1943) 

(With two text-figures) 

A MAJOBiTY of the smuts on which this report ^ 

m based were collected in different parts of India jIM' 

and sent to me for determination. Among those 
who sent specimens are Dr L. Bor, Mr A. N. 

Eotidar, Dr : P. Maheshwari, Dr B. P. Pal, Dr 

Pushkarnath and Mr M. J. Thirumalachar. il®|l 

Portions of specimens were also given by Mr K. M. ||lj|M||i 

Thomas from the Coimbatore Herbarium. 

I take this opportunity of expressing to all of 
them my gratitude for the favour they have done ^ 

by donating the specimens. lam also grate- llllw 

fultoBev. Fr H. Santapau, S. J., Professor of ym |M|||r 

Botany, St Xavier’s College, Bombay, for the 

latin translations of the diagnosis of the new |iM||i 

species. The specimens are deposited in the |||li'j 

Herb, Crypt, Ind, Orient, |m| 

UST.ILAGINACEAE W if ■ 

1. USTILAGO ANDBOPOGONIS-FINITIM MailblailC, H |||{i 

Bull. Soc. Mycol. Fr. 22 : 74, 1906 || |1| 

In the ovaries of Gymbopogon flexuosus Wats. ||| mk 

Nandi Hill ( Mysore ), 21 March 1942, leg. M. J. 11 

Thirumalachar, Maublanc was apparently not | 

certain whether his fungus is a Gerebella or an jM "W 

for the caption under the figure illustrat- j|| f 

ing this smut reads (7efe5eZZa ( UsiiZago) , ||j ^ 

gonis-finitimi'\ Germination of the spores, which 1 

i have observed and which is by means of a septate . . 

promvcelium and terminal and lateral sporidia, Fig. 1. Culms of affected by smut 

Lt. ii test any do.bts on this point. J 

2. UsTiLAGO BSOULENTA P. Heunings Hedwigia, ovaries of RottboeUia exaltata L.f. 

34: 10,1895 ; Miyabe Bot. Mag. Tokyo, Anamalai (Madras ), 18 January 1923, ox Herb, 
9:197,1895; Hori, Ann. mycol. Berl. 5 : Coimbatore, No. 1321 A. A columella is present 
150, 1907 ; Yen, Ann. Cryptog. exot. 7 : 87, there is no true peridium ; the membrane 

1934 (Fig. 1) covering the spores is made of host tissue, 

In the hypertrophied tissues of the culms of ^ TJstilago impbratae Mundjkur sp. nov. 

(Griseb.) Turcz. Imphal (Manipur), penitus destruentes inflorescentiam, in- 

Sept. 1940, leg. G. C. Githson, comm. N. L. Bor clusi vagina atque cooperti membrana pallida 
(Fig. 1). Hennings, Miyabe and Zundel state that ^igra ; membrana postea flocculat, nigris pulveru- 
the spores are smooth but according to Hori and lentisque sporis expositis ; columella longorum 
Yen, they are echinulate. Hori suggests that the frustulorum instar ; ceUulae sterEes nullae. Sporae 
spores of his specimen were echinulate because he sphaericis ad ovatas, noimuEae tenuiter angu- 
examined a fresh specimen ; not only are the spores lares at ideo, ut videtur, triangulares; quae in 
of the Imphal specimen echinulate but even those cellula continentur granulata ; colore natal 
of the American specimen (Nov. 11, 1911, leg. brown ” (Bidgway), diam. 13*0-18‘7(JL (med. 
Scofield) show echinulations under the oil immer- lO* 0{Jl) ; episporium crassum laeve ; germinatio per 
sion objective. septatum promyeelium lateraUbus atque termi- 

nalibus sporidiis ornatum. 

Typus legit N, L. Bor die 20 jumi 1942 in in- 
fiorescentia Imperatae cylindricae Beauv. in loco 
Kohima, in montibus Naga, Assam, 


3. UsTiLAGO FLAGBLLATA Sydow, Anu. mycol 
Berl. 9 : 144, 1911 

Syn, Spha-celotheca flagellata Zundel, Bothalia- 
3:310, 1938. 
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8ori entirely destroying the inflorescence, en- 
closed by the sheath and covered by a greyish- 
black membrane made of host tissue ; membrane 
later flaking away revealing black, pulverulent 
spores ; columeUa in the form of long shreds ; no 
sterile cells. Spores spherical to oval, some slight- 
ly angular therefore appearing triangular, with 
granular contents, natal brown” (Eidgway), 
13-0 — 18* 7[X in diameter with a mean of 16‘0[x ; 
epispore l|Jt thick, smooth ; germination by means 
of a septate promycelium with lateral and terminal 
sporidia. 

In the inflorescence of Imperata cylindrica 
Beauv. Kohima, Naga Hills (Assam), 20 June 
1942, leg. N. L. Bor (Type). SpMcelotheca 
SchweinfuHhiana (Thuem.) Sacc. which is 
also on this host, is ovaricolous, its spores 
being minutely warty and 9* 3 to 14* 6(X in diameter. 
Sphacelotheca Tianhinensis Zundel also on this'host 
has light reddish-brown, sihooth spores with a 
diameter of 4-6(X. 

5. XTsttlago tragi Mimdkursp. nov. 

Sori destruentes ovaria, turgidi, 6-8 mm. longi, 
4-5 mm. lati, colore rubro-brunneo (mahogany), 
prominentes ex superioribus glumis involucralibus, 
atque cooperti densa membrana ; columella steri- 
lesve cellulae nuUae. Sporae globosae, subglo- 
bosae, vel elongatae ovatae, colore cinnamon 
buff” (Eidgway), diam. 7*2 — 13*0(X (med. 
10* 4(X) ; episporium tenue, graciliter atque breviter 
echinulatum. 

Typnm legit P. V. Somayajulu die 24 novembris 
1917 (ex herb. Coimbatorensi No. 969) in ovariis 
Tragi biflori Schult. (:= Tragi racemosi Scop.), in 
loco Coimbatore (Madras). 

Sori destroying the ovaries, swollen, 5 to 8 mm. 
long, 3 to 4 mm. broad, mahogany coloured, prot- 
ruding out of the upper involucral glumes and 
covered by a thick membrane made of host tissue ; 
without columella or sterile cells. Spores globose, 
subglobose to elongate oval, ciimamon buff ” 
(Eidgway), 7*2 to 13*0fJt in diameter (mean— 
10* 4p.) ; epispore thin with delicate and short 
echinulations. 

In the ovaries of Tragus hiflorus Schult. Coim- 
batore ^adras), 24 November 1917, leg. P. V. 
Somayajulu, ex Herb. Coimbatore, No. 969, 
(type). 

6. CteTRACTiABisvAKS Mundkur sp. nov. (Fig. 2) 

Sori in basi rhacMdis floralis, turgidi, circa 10- 

15 mm. longi, cooperti membrana brunnea ; mem- 
brana postea dehiscens, sporarum exposita nigra 
massa agglutinata et baud facile separahili. 
Sporae sphaericae ad ovatas, nonnuUae tenuiter 
elongate ellipsoidaeae, colore ‘‘ snuff brown ” 
(Eidigway), diam. 8*9— 13*2p (med. 11*^); 
episporium ca. l\x crassum, prorsus laeve. 

Typum legit P. Maheshwari mense augusto 
1940 ill basi rh«tchidis inflores-oentiae Caricis 


distantis Willd. (ex Kunth), in loco Dacca 
(Bengal). 



Sori at the base of the floral rhachis, swollen, 
about 10 to 15 mm. long, covered by a brownish 
membrane of host tissue ; membrane later dehis- 
cing, revealing a black, agglutinated spore-mass, 
difficult to separate. Spores spherical to oval, 
some slightly elongate-elhpsoidai, “ snuff brown ” 
(Eidgway), 8*9|ji tol3*2|iin diameter (mean= 
11* 2|i) ; epispore about Ijji thick, entirely smooth. 

At the base of the rhacfiis of the inflorescence of 
Carex distans Willd. ex Kunth, Dacca (Bengal), 
August 1940, leg. P. Maheshwari (Type). 

7. Sphacelotheca chloridis Mundkur sp. nov. 

Sori destruentes omnia ovaria in infiorescentiae 
racemo, cooperti falsa membrana quae tandem 
flocculat, revelata sporarum massa brunneo-nigra, 
fere pulverulenta. Columella prominens, simp* 
lex ; cellulae steriles catervatim quinae ad denas 
coactae. Sporae sphaericae ad ellipsoidales, 
brunneae ‘‘ Kaiser brown ” (Eidgway), diam. 
6*0 — 9*3jji, med. 7*2|i ; episporium minute echi- 
nulatum, tenue ; germinatio per septatum pro- 
mycelium terminalibus atque lateralibus sporidiis 
ornatum. 

Typum legit M. J. Thirumalachar in ovariis 
Chloridis harbatae Sw. in loco Bangalore (Mysore) 
die 20 augusti 1942* 
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' Sori destroymg all the ovaries in a raceme, 
covered by a false membrane which ntlimately 
flakes away revealing brownish-black, almost 
pnlverulent spore mass ; coinmella prominent, 
simple ; sterile cells in groups of five to ten. Spores 
spherical to ellipsoidal, -^ Kaiser brown (Ridg- 
way), 6* 0 to 9* 3[X in diameter (mean=7*2(i) ; 
episporo minutely ecMmilate, thin ; germination 
by formation of septate promyoelium with terminal 
and lateral sporidia. 

In the ovaries of GMoris harbata Sw. Bangalore 
(Mysore ), 20 August 1942, leg. \M. J. Thiru- 
malachar (Type). 

8. Sphacelotheca teicholaenae (P. Henn.) 

Mundkur comb. nov. 

Syn. UstilagoTricholaenae¥.lEeimmgs, Engler’ 
bot- Jb- 17 : 3, 1893 ; Sydow, Svensk bot Tidskr. 
29 : 67,1935. 

Sori entirely destroying the ovaries, all of which 
in a panicle attacked ; enclosed by a leathery, 
persistent, brownish-black, false membrane, de- 
hiscing at the side, revealing dark brown, slightly 
pulverulent spore-mass ; columella prominent, 
simple ; sterile cells smooth, 12{JL in diameter, in 
groups- Spores spherical, subspherical to ellip- 
soidal, “russet” (Eidgway), 7*1 to 10'8(X in 
diameter (mean = Sjx) ; epispore rather thick, 
minutely punctate. 

In the ovaries of Tricholaena teneriffae Parlat, 
Sind, Comm. N. L. Bor (material is undated and 
exact locality in Sind is not stated). Hennings 
studied tw’-o specimens, the type collected in Arabia 
and another collected in Egypt ; the only other 
collection appears to be the one made in 1933 by 
G. Samuelsson in Palestine and identified by 
Sydow. Hennings states that the sori are 2-4 
cm. long and 1 cm. broad but those of the Sind 
specimen are much smaller. In all other respects, 
it agrees with Hennings’s description. 

9. Tolypospobitim: oymbopogonis Mundkur sp- 

nov. 

Sori destruentes inflorescentiam, 2-4 cm. longi, 
5* 8 mm, lati, inclusi falsa membrana colore flavo- 
albida, persistente ; membrana dehiscens irregu- 
lariter, revelatis sporarum sphaericis massis nigris ; 
columella prominens, tenuis, simplex, aeque longa 
ac sorus vel paulisper longior ; sporarum 
massae subglobosae ellipsoidales vel irregulares, 
persistentes, baud facile resolutae in sporas, 
magnitudinis 29-83 X25-62[JL. Sporae periphe- 
rales sphaericae vel subsphaericae, tenuiter 
polygonales, minute ochinulatae atque excavatae, 
brunneae Kaiser brown ” (Eidgway), diam. 

6 * 5- 1 1 * 2fJl (med. == 8 * fifA) ; interiores sporae 
polygonales laeve episporio coopertae, colorae 
olariori.; germinatio per septatum promycelium 
lateralibus atque terminalibus sporidiis ornatum. 


^ Hab. in inflorescentia Gymbopogonis citrati 
Stapf, leg. M. J. Thirumalachar in loco Bangalore 
(Mysore), die decambris 1941. 

Sori destroying the inflorescence, 2 to 4 cm. long 
and 5 to 8 mm, broad enclosed by cream coloured, 
persistent, false membrane, dehiscing irregularly 
revealing masses of black spore balls ; columella 
prominent, slender, simple, as long or slightly 
longer than the sorus ; spore balls subglobose, 
ellipsoidal or irregular, permanent, disintegrating 
into spores only with difficulty, 29-83 x25-62fx,. 
Spores at periphery spherical to subspherical, 
shghtly polygonal, minutely eehinulate and pitted, 
“Kaiser brown” (Eidgway), 6*5 to dl-2|X in 
diameter (mean=8* 6{X) ; inner spores polygonal 
with smooth epispore and lighter colour ; germina- 
tion by means of septate promycelium, forming 
lateral and terminal sporidia. 

In the inflorescence of Gymbopogon cMratua 
Stapf, Bangalore (Mysore), 20 December 1941 
leg. M. J. Ttdrumalachar (Type). ^ 

TILLETIACEAE 

10. TiiiLETiA bbaohypodii Mundkur sp. nov. 

Ovaricola ; ovaria affecta hand leviter turgida, 
10-25 mm. longa, 5-6 mm. lata, cooperta membrana 
plumbei colons quae flocculat revelatis intus 
sporarum massis intense nigris atque tenuiter 
agglutinatis ; ceUulae steriles magnitudine minores 
quam sporae, sphaericae, relative tenui pariete 
instructae. Sporae globosae vel subglobosae, bnm- 
neae ‘hessian brown’ (Eidgway), diam. 13* 0-22* 3(Jt 
(med.=16*9tX) ; episporium crassum, irregulariter 
verrucosum ; singulae sporae membrana evidenti 
atque hyalina obtectae. Germinatio post longum 
quietis periodum, formatis non-septato promycelio 
atque terminalibus sporidiis. ^ 

Typum legit K. M. Dutt in ovariis' Brachypodii 
sylvatici Beauv. in loco Simla (Punjab), die 20 
octobris 1942 ; idem, die 17 novembris 1941 ; 
Pusbkarnath legit mense novembri 1942. ^ 
Ovaricolous ; attacked ovaries considerably 
swollen, 10-25 mm. long and 5-8 mm. broad, 
covered by an evanascent greyish-membrane which 
flakes away revealing deep-black, slightly aggluti- 
nated spore-masses within ; sterile cells smaller in 
size than spores, spherical, comparatively thin- 
walled. Spores globose to subglobose, “ hessian 
brown ” (Eidgway), 13*0 to 22'3[X diameter 
(mean=16*9(X) ; epispore thick with irregular 
verruculations ; each spore enveloped in an evi- 
dent, hyaline membrane ; germination after a 
prolonged rest period by the formation of a non- 
septate promycelium and terminal sporidia. 

In the ovaries of Brachypodium sylvaticum 
Beauv. Simla ( Punjab ), 28 October 1942, leg. 
K. M. Dutt ( Type ) ; also on 17 November 1941 ; 
November 1942, Pushkarnath. Tilletia oUda 
(Eeias) Winter on Brachypodium pirmatum PB. 
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and Brachypodmm sylvatimm is a leaf Binut whose 
spores are 16 to 26pl in diameter. Comparison 
(Sydow Ust. No. B19) indicates that the two are 
different, 

.11. Tilletia caries (do.) Tnlasne, Ann. Sci. 
nat. Bot. Ill, 7 : 113, 1847 ; Butler and Bisbj, 
Sci. Monogr. Coun. agdc. Res. India, 1 : 46, 1931 
Syn. Uredo caries DC. Flore Fr. 6 : 78, 1815 
Tilletia Tritici Winter, in Rahenhorst Krypto- 
gamenfl. 1 : 110, 1881 

In the ovaries of THticum vulgar e Host, New 
Delhi, April 1941, leg. E. P. Pal. This is the first 
authentic record of this bunt for the Indian plains. 
Seed, from which the crop at New Delhi was 
raised, appears to have come from Baluchistan. 
Apparently it was infected and conditions in Delhi 
. may have been conducive for the crop to become 
slightly affected. This bunt is recorded for Sind 
by Uppal, Patel and Karaat but specimens are not 
available and its occurrence is doubtful. 

12. Tilletia eoetiba (Walir.) Liro, Die Ustila- 
gineen Finnlands, 2 : 87, 1930 

Syn. Erysihe foetida Wallroth, FI. Cryptog. 
Germanic, 2 ; 213, 1833. Tilletia Idevis Kiihn, 
in Rabenhorst Fungi europ. No. 1697, 1873. 
Tilletia foetans Trelease, Trans. Wis. Acad. Sci. 
Art. Lett. 6 : 139, 1886 ; Butler and Bisby, Sci, 
Monogr. Coun. agric. Res. India, 1 : 46, 1931 
In the ovaries of Triticum vulgar e 'Host, New 
Delhi, April 1941, leg. B. P. Pal. This appears to 
be the first authentic record of this fungus for the 
Indian plains. Seed came from Baluchistan and 
may have brought the infection. Specimens of 
this bunt recorded by Uppal, Patel and Kamat 
for Sind are not available and its occurrence there 
is doubtful. 

13. Tilletia kobleriae Mundkur sp. nov. 

Sori destruentes ovaria, inclusi membrana plum- 
bei coloris quae postea flocculat, revelata spora- 
rum massa nigra ; ovaria affecta globosa vel ovata, 
tenuiter turgida, 4-8 mm. diam. Sporae pulveru- 
lentae, ovatae vel elongatae elHpsoidales, saepe 
irregulariter polygonales, brunneae BrusseTs 
brown’’ (Ridgway), diam. 16*7-26-0x9*3x5(i, 
(med.==20* 9 X 18 • 3(Jt) ; episporium crassum 1 * 5- 
2‘5p, dense minutissimis verrucis distinctum ; 
germinatio formato non-septato promycelio termi- 
nalibus sporidiis ornato. 

Typum legit B. P. Pal in ovariis Koelariae 
cristatae Pars, in loco Simla (Punjab) die 21 maji 
1942 ; materia coUecta exigua. 

Sori destroying the ovaries, enclosed by a 
greyish membrane which later flakes away re- 
vealing a black spore-mass ; attacked ovaries 
globose to uval, slightly swollen, 4 to 8 mm. in 
: diameter. Spores almost pulverulent, oval to 
elongately ellipsoidal, often irregularly polygonal, 

^ ‘ ‘ Brussel’s broim ” (Ridgway), 1 6 • 7-26 * 0 X 9 • 3 
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20.5|ji in diameter with a mean of 20* 9x 18* 3|i 
epispore i-5 to 2*5pi thick, densely covered with 
very minute warts ; germination by formation 
of an unseptate promyeellium forming terminal 
sporidia. 

In the ovaries of Koeleria crisfata Bern. Siml^ 
(Punjab), 21 May 1942, leg. B. P. Pal (Type, 
material scanty ) . Anotlxer species of Tilletia on 
this host is Tilletia sterilis Ule, whose sori occur in 
the form of long yellowish-grey stripes in the 
leaves. Its spores are reported to he smooth, and 
20-30 X 18-24[jt in diameter. Systematic position of 
Tilletia sterilis is in doubt for Massee (Kew Bulle- 
tin, 1899, p. 157) did not consider it to be as mut. 

14. Tilletia REHmsETHSTA Sydow, Ann. mycoL 
BerL 27 : 421, 1929 ; Mundkur, Trans. Brit, 
mycoi. Soc. 23 : 104, 1939 

In the ovaries of Pennisetum orientale Bioh, 
Simla Oct. 1942, leg. Pushkarnath 

15. Neovossia ixbioa (Mitra) Mundkur, Trans. 
Brit, mycoi. Soc. 24 : 313, 1940 

In the seeds of Triticum vulgare Host, New Delhi, 
1942 ; Islamnagar (United Provinces) 1942 ; 
Mirpurkhas (Sind) 1941, leg. N. Prasad 

16. Entyloma bidentis p. Hennings, in Engler’s 
Pflanzenwelt Ostafrikas, etc. C. 5 : 49 1895 
In the leaves of Bidens pilosa L. Bangalore 

(Mysore), 1 January 1942, leg. M. J. Thirumala- 
char 

17. Urooystis caricinobes (Berk, and Curt.) 
Fischer de Waldh. Apercu Syst. Ustilagineen, 
p. 38, 1877 

On stems and petioles of Oimcifuga foetida L. 
Gujmarg (Kashmir), June 1940, leg. A.N. Fotidar 

18. Urooystis stipae McAlpine, Smuts of Aus- 
tralia, p. 198, 1910 ; Clinton and Zundel, Mycolo- 
gia, 30 : 281, 1938 

In the leaves of Stipa tortilis Desf. Kohat (N.-W. 
F.P.) 1942 

19. Urooystis tritici Koernicke, Hedwigia 16 : 
33, 1877 ; Butler and Bisby, Sci. Monogr. 
Coun. agric. Res. India, 1 : 42, 1931 

On leaves of Triticum vulgare Host, Dindori, 
Mandla Dt. (Central Prov.), 1 January 1943, 
Deshpande. This is the first record of this smut 
for Central India. 

Summary 

This paper reports the occurrence of 19 species 
of smuts hitherto unrecorded for India, of which 
seven are proposed as new species and one as a 
new combination. Tilletia caries and Teilletia 
foetida are reported from the Indian plains appa- 
rently for the first time. The range of occurrence 
of Neovossia iudica and Urooystis Tritici has been 
widened, as the former is now reported to occur 
in the United Provinces and Sind, and the latter 
in Central India, in addition to the Punjab imd 
the N*-W, Frontier Province, 


FURTHER NOTES ON THE BIONOMICS OF BEMMIA Q088YPIPEMDA 
M. & L., THE WHITE-FLY OF COTTON IN THE PUNJAB 

By K. ISr. TaBHAN, M.So. (Pb.), Ph.D. (London), Agricultural Entomologist to Government* 

Bombay, Poona 

(Received for publication on 15 May 1943) 
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The wMte-fly of cotton has been recognized as 
a major pest in the Punjab and damages the cotton 
crop very seriously. Although it is not solely 
responsible for bringing about periodic failures of 
this crop in the Province, yet it plays a very im- 
portant role as a contributive factor. 

The life-history, bionomics, nature of damage and 
the control have been thoroughly studied and the 
results published separately. The present contri-r 
bution, however, includes some additional data 
with respect to the items of bionomical interest 
studied during the course of these investigations. 

The entire work was carried out at Lyallpur 
under the scheme financed by the Indian Central 
Cotton Committee. The scheme was originally 
sanctioned in 1931 for three years, but it was 
subsequently extended for a further period of two 
and a half years up to 30 September, 1936. The 
encouragement and generosity of the Committee 
is gratefiilly acknowledged. 

The author is very much indebted to Kian 
Bahadur M. Afzal Husain for his guidance and 
valuable suggestions during the course of these 
investigations at Lyallpur, and for his criticisms 
while going through the manuscript. 

The statistical analysis of the data was taken up 
by Mr Dwarka Nath Nanda, Assistant to the 
Cotton Kesearch Botanist, Lyallpur. His help is 
highly appreciated. 

Behaviour of the adults 

The life-history of B. gossyjpijperda has been fuUy 
dealt with in a previous contribution [Husain and 
Trehan, 1933]. Further observations on this 
aspect of the problem, however, are discussed 
below: 

L Sex proportion in nature 

Counts of about 8,000 adult white-fiies from 
March to May- yielded 22 per cent males. It 
may, therefore, be presumed that the overwhelm- 
ing majority of females may be responsible to a 
great extent for excessive Parthenogenesis during 
that period. 

n. Attraction to different colours 

Lloyd [1922] contributed on the colour tropism 
of Avaporariorum, and stated that both sexes 
^ere attracted to yellow traps. He further sug- 
gested that partial check might be devised by 


coloured traps. Observations, therefore, weLO 
made to study the relative attraction of B. gamy*- 
piper da adults, to various colours, and aqueous 
solutions of the following stains were tried : fuchsin 
(bright red), Cango red (blood red), eosin (orange 
red), picric acid (yellow), mythyl green (dark 
green), mythyl blue (blue), gentian violet (violet), 
pot. permanganate (purple). Orange G. (orange), 
pot. bichromate-light (light orange), yellow green 
(from the bazar) and water (colourless). Experi- 
ments were performed in a cage measuring 2 X 2 X 

I *5 ft. and lined with muslin at the sides as well 
as at the top. Lower 9 in. of the cage was 
covered with black-oil cloth to cut off the light in 
that region. Glass tubes of uniform size were 
filled with the coloured solutions and were hung 
against the inner walls of the cage at uniform 
distances from each other. Three such tubes were 
hung against each wall. Outer side of each tube 
was smeared with a transparent mixture of gloy 
and glycerine. Adults of cotton white-fly were 
collected in a glass chimney and were allowed to 
escape within the cage, one by one, through a small 
hole in the card board which was placed on the 
mouth of the chimney. 

Observations were made from 1 1 a.m. to 4 . 0 p.m. 
daily and the captures reccrded are shown in 
Table L 

The above data are further represented in Table 

II in the light of the percentage of attraction to 
various colours. It is obvious from these figures 
that the maximum attraction, on the whole, was 
noticed for yellow-green and yellow. Orange, 
blood red, blue and light orange w^ere inteimediate 
in this respect, whereas the colourless, bright red, 
orange red and purple attracted least. The 
position of the violet and dark green, however, 
was doubtful. 

Hi, Range of flight 

Since B. gossypiperda continues to breed on a 
very large number of alternative hosts, both 
cultivated and wild, and practically throughout 
the year as shown by Husain, Trehan and Verma 
[1936] it is not possible to investigate the problem 
of the range of its fiight unless a given locality is 
made absolutely free from this pest. In the 
circumstances, the best that could be done was 
to estimate the height to which these insects are 
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Table I 


Melative attraction of B. gossypiperda to various colours 





Captures under different observations 


Colours 


I 

11 

III 

IV 

Total 

Average 

Remarks 

Yellow-green. . 


227 

112 

29 

31 

399 

99-8 

Each colour was tried 

Yellow .... 


120 

34 

144 

30 

328 

82*0 

in N., S., B.,or West 

Orange .... 


182 

. 6 

22 

2 

212 

52-5 

direction under differ- 

Blood red 


155 

5 

30 


190 

' 47-5 ^ 

ent observations. 

Violet . . . 


177 

1 

11 

• • 

189 

47*3 


Blue .... 


32 

1 

81 

1 

115 

28'8 


Light orange . 


35 

37 

2 

14 

88 

22-0 


Dark green 


, , 

46 

2 

20 

68 

17-0 


Purple .... 


, . 

58 1 

3 


66 

i 16-5 


Orange red 


4 

7 ■! 

18 


29 

1 ' 7-3 


Colourless 


10 

11 1 



21 

6-3 


Bright red 


9 1 

1 

10 

1 ■. ... 

“i 

. ... its- 

20 

5-0 


Total 


951 j 

328 

342 

104 

1725 




Table II 

Percentage of attraction to various colours 


Colours 

No. of observations 

Average 
percentage of 
attraction 

I 

II 

ni 

IV 

Yellow-green 






23*87 

34*15 

8*48 

29*81 

24*08 

Yellow 






12-61 

10*37 

42*10 

28*84 

23*48 

Orange 






19*13 

1*83 

6-42 

1*92 

7*33 

Blood red 






16-30 

1*62 

8*77 


6*65 

Violet 






18*61 

0*30 

3*21 

, , 

5*53 

Blue 






3*36 

0*30 

23*69 

0*96 

7*08 

Light orange 






3*68 

11*28 

0*69 

13*46 

7*25 

Bark green 







' 14*02 

0*69 

19*23 

8*46 

Purple 






• • 

17*68 

0*88 

4*81 

6*84 

Orange red 






0*42 

2*13 

5*26 

. . 

1*95 

Colourless 






1*05 

3*35 

. . 

. , 

1*10 

Bright red 





* 1 

1 

0*94 

3*05 

• * 

0*96 

1*24 


capable of reacbing. Therefore, some cotton 
seedlings which were grown in pots and kept free 
from the white-fly attack, were placed on the roof 
of the Agricultural College, and that of the College 
Hostel. The height of the roofs was approximately 
40 ft. and the distance from the nearest cotton 
field was about 150 yd. 

After a short exposure of a few days, adults 
and eggs of B. gossypiperda were recorded on these 
seedlings. It is, therefore, obvious that this insect 
is capable of reaching up to 40 ft. above the 
ground level and as the insect is very minute it is 
also expected that it may get carried long distances 
by wind. ■ Presumably its distribution in localities 
where wind storms occur, may be very wide. 

tV. Oviposition 

, (a) Comparative oviposition on different regions 
of a plant. Three plants each with three top, 
middle or bottom leaves were enclosed under a 
cage. For each observation 150 newly emerged 


adults of white-flies were introduced in the cage 
and the eggs laid on different leaves were counted 
after 24 hours. On an average, 51*5 per cent 
of the total eggs were laid on the top leaves, 
46*7 per cent on the middle leaves and only 1*8 
per cent on the bottom leaves. Field observa- 
tions also confirmed these results as the highest 
number of eggs were found on the top leaves, and 
the number of eggs decreased as we proceed to- 
wards the base of the plant. In captivity, how- 
ever, the eggs may be laid even on the stumps of 
defoliated seedlings, and may hatch, but the 
nymphs do not develop under these conditions. 

(5) Selection of leaf surface for oviposition. In 
nature the eggs are invariably deposited on the 
lower surface of leaves. In captivity, however^ 
a few eggs may also be laid on their upper surface. 
To ascertain whether this was the result of topo- 
graphical position or the peculiar structure of the 
two surfaces or due to certain deeply placed 
behaviour of the pest, the following observations 
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:t, : 

f ’■ , 


f. 

I . 




1 ] 

were mad© : the leaf petiole was twisted in such a 
manner that the normal dorsal surface of the leaf 
became ventral and the leaf was held in this posi- 
tion. A known number of the adult white-flies 
was liberated on the leaf under muslin sleeves and 
a number of such experiments were performed. 
On an average, approximately 80 per cent of the 
eggs under observation, were laid on the natural 
lower surface even when it was turned upwards. 
It may be presumed that some structural pecu- 
liarities confined to the lower surface to which the 


adults are very sensitive, might be responsible 
for this behaviour. 

(c) Oi)i^osiUo% in relation to constant tempera- 
ture. The effect of some constant temperatures on 
oviposition was studied in incubators. No eggs 
were laid when the insects were kept at 19®C. 
Of the total number of eggs laid 0 *2 per cent were 
laid at 21 °C., 3 *8 per cent at 24°C., 9.6 per cent 
at 27°C., 14.3 per cent at 30°C., 24 *3 per cent at 
33®C., 24*1 per cent at 35°0. and 23 *6 per cent at 
37''C., as shown in Table HI. The temperatures 


Table HI 

Oviposition under constant temperatures— May- June 1933 


Total number of eggs laid at — 


No of females 
liberated 

IS'C. 

21°C. 

24°C. 

27“C. 

30°C. 


33°C. 

37°C. 

■ ■ 

Bemarks 

25 

0 








Observations at 

0 








10®G* taken 

,, ff 

0 






. . 


only for 4 days 


0 


1 




, , 

« • 

and on 37®C. 



3 




, . 


only for 5 days. 




7 





, . 

Maximum ejjflr 








65 

19 

laying was 









14 

noticed between 

99 







hi 

24 

33° & 37°0. aud 

»» 








42 

lowest at 21®C. 

99 






144 

• « 

27 


15 


6 

4 

8 

i7 

47 


. . 



1 

6 

9 

13 

22 

i9 

. . 




0 

4 

12 

12 

29 

23 





0 

3 

14 

16 

23 

21 





0 

4 

7 

17 

18 

25 



10 


1 



14 

17 

20 




4 



42 

18 

7 



12 





8 

39 

30 




6 



24 


15 



#■, ■ 10 ■ ' 

6 

0 



19 

30 

18 




0 



6 

19 

. . 





0 

2 


5 

6 

5 





0 



14 







0 

5 



. . 




99 


1 

2 

*6 

ii 

25 




** 


0 

1 

10 

12 







0 

2 

4 

7 







0 

4 

10 

14 

*8 






0 

2 

3 

7 

20 






0 

8 

17 

' 22 

10 






0 

4 

8 

10 

31 




■ ■ . 


0 

4 

9 

8 

13 




15 


0 

3 

7 

13 

11 




10 


0 

7 

11 

17 

17 




15 


0 

9 

13 

18 

20 





0 

5 

7 

14 

25 ■ 






0 

11 

16 

25 

20 




■■ ■ >..■ ■ ... ■■ ■ 


0 

6 

15 

25 

31 




■ ■ ■ . . 


0 

4 

11 

15 

17 




99 


0 

5 

11 

20 

15 




9 9 


0 

12 

17 

7 

24 




15 


0 

2 

5 

15 

35 





0 

5 

18 

23 

21 




■ 99 ■ , 


0 




32 




Totals 

Average No. of eggs per 
observation 

Percentage of egg laying 
at different temperatures 

■ A 

. 7 ■ 

0-2 

135 

41 

3-8 

248 

10 -3 

9-6 

489 

15*3 

14-3 

777 

25-9 

24*3 

309 

25-9 

24-1 

126 

■23'- '6' 
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ranging from 33°CV to thereforej were 

most suitable. This fact provides explanation for 
the phenomenon that the most active period for 
multiplication of the pest is during May to Sep- 
tember, when the average maximum temperature 
ranges from 33°C. to 41 °C. 

Relative ■ ihcibence ok dieeeeekt vabieties 

OF COTTOK 

Since various varieties of cotton are under 
cultivation in the Punjab the varietal suscepti- 
bility and relative preference by the pest, was 
considered to be a valuable problem . It is presumed 
that our knowledge about the varietal suscepti- 
bility or resistance, may ultimately help in deter- 
mining the control of the pest, jorstly by encourag 
ing the resistant varieties and secondly by combat- 
ing the pest at the right time when its activity 
is well pronounced on a particular crop. 

It has already been pointed out by Husain and 
Trehan [1933] that the white-flies are no respectors 
of varieties and that both desi and American 
varieties are attacked although the incidence of 
attack differs according to the season. This view 
is further supported by the observations made 
during the five years when these investigations 
Were in progress. 


[XIV 

During 1931-33, and 4P. as representa- 

tives of desi and American cottons respectively 
were compared. Desi varieties on the whole, are 
comparatively more infested during the growing 
period, till about the end of August. After that, 
the infestation, as a rule, declines considerably on 
all the varieties but the attack is relatively higher 
on the American types (Fig. 1). Towards the, end 
of the season, however, the attack increases once 
again, on the desi varieties, as new leaves sprout 
and the pest is attracted to them. 

During 1934 and 1935, some of the new selections 
of American cottons were compared with the desi 
type mollisoni and the American types 4F and 
289F (Table IV). The incidence of white-fly 
attack was extremely low during both the years, 
but the relative attack on different varieties follow- 
ed almost the same cycle as previously observed — 
at first mollisoni showed a relatively higher attack 
than any of the American types in both the years, 
but during September and October in 1934 and 
later half of August and early September in 1935, 
the infestation increased relatively on some of the 
American strains namely 4F and L.S.S. To- 
wards the end of the season, however, the attack 
again increased on mollisoni (Fig, 2). 



PlU. 1. Relative infestation of B, ffossypiperda on different varieties of cotton (desi and American) 
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FORTNIGHTS 

. I ©34 

Fig. 2. Relative incidence of B. gossypiperda attack on different varieties of cotton in 1934 and 1935 

Taking the entire season the white-flj attack The investigations carried out in this connection 
on desi cotton was significantly higher than on the have shown that the pR gradients from top to 
American cottons during both the years. The bottom leaves of a plant varied with its age. The 
attack on American cottons, however, did not differ differences were not so marked in the very early 
significantly as well as in the order of significance stage of growth, but later on the jpH increased from 
as shown in Table V. As is obvious from the data top to bottom. Towards maturity, however, these 
given above, of the relative attack on American variations became erratic and the top leaves in 
varieties the severest infestation was noticed on desi and the middle ones in general showed the 
4 F against the least attack on N. T. 43 (Fig. 2), highest jpH, Similar gradients in pE. have also 
since the figures for N, T. 38 have not been con- been observed by Hass [1920], Gustafson [1924] 
sidered due to irregular observation during 1935. and Mukerji [1928]. 

To determine the causes for the change-over The range ofvariations in the^H value of leaves 

of the relative infestation from desi to American from the different regions of a plant under ob* 
varieties and vice versa ^ observations were made servation, is shown in Tables VI and VII. 
on (1) variations in the ^H values of cell sap in During 1932, when white-fly infestation was high 

fei and American varieties and (2) their moisture on both the varieties, the pH values for 289F, 
contents. were on an average, slightly lower than those 

(1) Some insects show a degree of preference of molUsoni tiSL the end of June. After this 
for certain hosts during different seasons. Ac- they equalized or those of 289F increased 
cording to Jackson [1934] this phenomenon is slightly. During August the values again increa- 
probably brought about by the condition of the sed in the variety and the differences widened 

sap, wMch represents the physiological state of as the plants reached maturity. The incidence of 
the plant. Acidity being an index of this change white-fiy attack corresponded with the trend of the 
pH, reactions of the two common varieties namely, pH curve indicating partiality towards higher 
mollisoni and 289F. representing the desi and values, and therefore, was suggestive of some cor- 
American types respectively were studied when relation with the reaction in the plant juice. The 
grown under identical conditions. infestation, however, was not affected immediately 


EeluUve incidence of B. gossypiperda atUach on different varieties of cotton in 1934 and 1935 
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Table V 

Analysis of mriaim 


Variance dtie to (or S. V.) 

1934 

D. E. 

S. S. 

M. S. 

E. 

Dates of observations 

11 

43*1026 

3*9184 


Varieties 

5 

23*6067 

4*7211 

4*^5** 

Error 

66 

67-1318 

1-0388 

*• 

Total 

71 

123-8401 

•* 

*• 


79- 7477 
28*0384 
62*1936 

169-9796 


9*9686 

7*0096 

1*6310 


4 * 298 «‘« 


Average, values of infestation 


S. E. 8ig. difif. 

Moll. 

4F 

L. S. S. 

1934 . 

. . . 0*848 

2-006 

0-807 

0*738 

1936 . 

1*234 

2-821 

1-368 

0*883 



Relative attack of white^fiy 

(Order of significance) 
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but there was a certain amount of lag and the insect 
attack did not fall exactly when the jpH curve went 
down. This is not contrary to expectation because 
the nymphs being fixed on the leaves, could not 
move and it must take some time before the effect 
of the change in pH can be appreciated by the 
insects feeding on the sap. 

During 1933, the incidence of white-fly attack 
in general was quite insignificant throughout the 
season and the pH values of the leaf sap were 
correspondingly low. This opens up a fruitful 
line of attack on this pest. Variations in pH 
might be responsible for relative immunity of 
varieties and control of seasonal multiplication of 


[XW 

certain pests be affected by changing this value. 
Hence the possibility of preventing attack of 
sucking insects through soil treatment. 

(2) During 1934 and 1935 preliminary observa- 
tions were made to stu dy if any correlation existed 
between the incidence of white-fly and the amount 
of moisture in the leav es of various types of cotton. 
The data with regard to the moisture are present- 
ed in Table VIII, whe reas the relative infestaticns 
have been taken into account from Table IV as 
summarized under fortnightly intervals. Of all 
the types under observation mollisoni had the 
least percentage of moisture while 4F had the 
maximum. 


■ .. - .*TablE'VI:. 

Range of variations in pH of different leaves of a cotton plant 


1932 


1933 


Month 

' 

289-F 

Mollisoni 289-F 

Mollisoni 

June . , . 

6.28—6-41 

c- 19— 6-90 , 5 . 34 — 5 *18 

5-30—5-60 

July 

5,.59_(V.49 

5.79_„9.47 5-30— 5*55 

5*42— 5-63 

August ..... 

5*19— 5*31 

5-16— 5*42 5*25— 5-68 

5-30— 5-88 

September .... 

5 •25— 5-55 

5*25— 5*95 5-30— 5-60 

5-12— 5*63 

October ..... 

5 -20-^7 -50 

5 . 40 — 7 '50 , .5'- 42— 6*29 , 

5.38—6*13 

November . . 

5-30— 6*95 

5 . 45 — 7*10 



Because of these variations, the mean of the parison. These results are 'yiven in Table VII 
pH values of all the leaves was taken for com- and the values for 1932 have been plotted in Fig. 3. 

Table VII 

Relative incidence of B. gossypiperda attack on mollisoni and 289F cottons and the pH value of 

the respective cell sap 




1932 



1933 


Fortnight 

Mollisoni / 

289-F 

Mollisoni 

289-F 

Infestation 
per sq. in. 
of leaf area 

pH value 

Infestation 
per sq. in. 
of leaf area 

pH value 

Infestation 
per sqv in. 
of leaf area 

pH value 

Infestation 
per sq. in. 
of leaf area 

pH value 

June I . . . 

36*00 

6*64 

4*67 

6*19 

8-03 

^ . . 

1*17 


II . . . 

45*66 

6*53 

20*36 

6*25 

1*14 

5*41 

1*07 

5*41 

July I . . . 

48*19 

6-19 

25*22 

6*22 

2*73 

5*57 

1*01 

5*43 

II . . . 

55*70 

5*94 

37*45 

5*95 

1*67 


0*08 

August I . 

39'97 


35*60 


0*50 

6-65 

0*52 

5-53 

II . . 

9*32 

5-Z2 

11*22 

5*27 

0*35 

•* 

0*10 

September I 

1*72 


3*06 


0*28 


0-16 


II . 

1*03 

5*50' 

0*23 

5*k 

0*32 

5*42 

0-14 i 

5*42 

October I . 

0*58 


0*38 

, ..... . ." 

0*12 


' 1 

0*13 


II 

0*30 

6-08 

0*26 

5*80 

0*14 

5*67 

0*09 1 


November I 

0*48 


0*13 


0*30 


0*15 


11 . 

0*48 

6*16 

0*20 

5*74 

0*57 1 


0*13 

• 


BIONOMICS OF WHITE-FLY OF COTTON 
Table^ ■ 

Eelative amount of moisture in the foliage of different varieties of cotton 
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1934 1935 


Percentage of maisture ou I Percentage of moisture on 


Variety of cotton 

6- VII 

20* VII 

2* VIII 

Average 

21 -VI 

27* VII 

13*VIII 

6*IIX 

Average 

Mollisoni . 

71*7 

75*2 ; 

73-4 

73*4 

78*0 

77*1 

76-6 

72-7:: 

75*9 

4F . . . , 

79*2 

' 79*9 

80*2 

79-8 

83*0 

81*6 

80*2 

7.6-9 

80" 4 

289F . . . 

79-0 

77*8 i 

80*6 

79 • 1 ^ 

83*4 ! 

^ 80 •►O 

79*7 

78-1 

80*5 

L. S.'B. ^ . ■ ■ . / 

. 74-1 

79*8 

78*9 

77-6 1 

82*1 ; 

78 • 7 

77*2 

75-1 

78*3 

N.T.38 . ' . . ■ 

78*2 

79*6 i 

79*7 

79-2 j 

82*6 i 

79-3 

77*9 

75*3 

78*8 

N. T. 43 \ , '. ' . 

78-2 

79*5 1 

78*2 

78-6 

82*5 ; 

80*4 

79*5 

75-2 

79*4 


These observations have not shown very strict therefore, that different insects behave differently 


relationship between the percentage of moisture 
and the white-fly attack on different varieties. 
The only conclusive statement that can be offered 
in this connection is, that mollisoni with lowest 
percentage of moisture was highly infested. These 
results support the observations in the fields in so 
far as the restricted irr gations have yielded com- 
paratively higher white-fly attack as is shown 
below. 

Incidence op white-ely attack in belation 

TO THE AMOUNT OP WATEB APPLIED TO 
COTTON CHOP IN THE FIELDS 

Insect behaviour towards crops depends on 
various factors and soil moisture may be one of 
them. Mumford [1925] put forth an hypothesis 
that a disturbed water content from whatever 
cause rendered the cotton plant more susceptible 
to the attack of sap feeding insect pe^s such as 
thrips. In California thrips have never been found 
in large numbers on cotton plants receiving opti- 
mum water supply whereas those suffering from 
shortage of water have been found to be more 
attractive. This statement also receives support 
from Bedford [1921] with his observations on 
Eeliothrips indicus Bagnell, on Egyptian cotton in 
the Sudan. Withycomb [1926] has also found 
it true in the case of sugarcane frog hopper, 
Tomaspis saccharina Dist. Wardle [1927] states 
that the plants receiving excessive water supply 
have a relatively lower infestation of Thrips tabaci 
Lind than those receiving sufficient supply, while, 
those receiving the minimum water supply have a 
relatively higher attack than those receiving nor- 
mal irrigation. Lees [1926], on the other hand, 
maintains that heavy irrigation and heavy rainfall 
resulted in increased susceptibility to berseem 
aphis, Trifolium alexandrium. It is obvious, 


in this respect. 

To determine the behaviour of B. gossypiperda, 
however, observations were carried out in the 
watering experimental plots of the Cotton Eesearch 
Botanist, at Risalewala. Seven to nine types 
differentiated into 5-6 sets according to the num- 
ber of irrigations, were under observation. The 
range of variation in the number of irrigations in 
the respective sets was 3-7 in 1931, 4-10 in 1932, 
3-7 in 1933 and 4-9 in 1934. The total amount of 
water applied to various sets, therefore, varied 
from 8*96 to 20*83 in. ; 18*81 to 36*05 in.* 8*99 
to 26 ‘90 in. ; and 12 *01 to 26*92 in. respectively. 
Eelative incidence of B. gossypiperda in different 
sets was estimated at fortnightly intervals. Aver- 
age number of immature stages of the pest, per 
square inch of leaf area, was worked out from 2-4 
replications of the plots under each treatment 
and the data are summarized in Table IX. 

The data presented above have shown that type 
IV which received the largest number of irriga- 
tions and consequently, the maximum amount of 
water throughout these investigatioiis had, on an 
average, the lowest white-fly attack. On the other 
hand, types III during 1931 and 1932, VII during 
1933 and III, VIII and IX during 1934, which 
received restricted irrigations and therefore the 
minimum supply of water, were comparatively 
severely infested (Big. 4). Although the white-fly 
infestation in general w s extremely low during 
1933 and 1934, as compared to that in the first 
two years, still the trend of the relative attack in 
the respective tjrpes was practically the same. 
Thus it may be presumed that abundant water 
supply to cotton crop lowers the white-fly infesta- 
tion to a considerable extent whereas reduced 
water supply increases the susceptibility for attack. 
The data were analysed statistically and their 
results are given below : 
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jUNibi ^uN£it July I julyii Aua.i aug m sept.i scpt.ii qct i oct.h nov.i nov.h 

fortnights 

Fig. 4. Comparative infestation of B, goasypiperda m relation to the maximum (Type IV) and TnipimniTn (Types HI 
and VII) number of irrigations applied to cotton crop — 1931-33 

Table IX 

Relative incidence ofB: gossypiperda m retoiow, to the amount of water applied in the fields<--193hS4 


Total leaf 
area examined 
(sq. in.) 


Average 
infestations 
per sq. in. 


7921 
1584 
792 
1584 
792 J 


Observations on 
each leaf were 
made within an 
area of 1 sq, in. 


5688-81 
5122:- 19 
11 167 -SO 
5242-78 
5650*96 
5490" 00 


4076-05 

3988-06 

4297^45 

12160-87 

4203-52 


3586-02 

3480-64 

3493-01 

7054-05 

3655-33 

10606-09 
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Type No. 

No. of 
irrigations 
given 

Total amount 
of water 
applied 
(acre in.) 

IV . . . 

7 

20*83 

I&VI . 

6 

17-85 

VII 

5 

15*14 

II & V . 

4 

11-75 

Ill 




8-96 

IV . . : 

10 

36-05 

VI . . . 

8 

29-81 

I&V . 

7 

26-87 

VII .. . 

6 

23-95 

11 * . . ' 

5 

21-09 

HI . . * 

4 

■ 

18 - 82 

w . . . 

.. 7 ■ 

26-90 

I . . ' 

6 

18-05 

VI . , . 

5 

14-82 

II, III, V . 

4 

12-03 

VII .. . 

3 

8-99 

IV . . ’ . 

9 

26-92 

VI 

8 

24-00 

V . 

7 

20*96 

I, VII . 

6 

17*92 

II . . . 

5 

15-06 


The correlations between the amount of water are needed in order to suppress the white-hy attack 
and the incidence of attack as given in Table IX significantly, 
were worked out for all the four years and the 

values obtained were — 0*860 ; — 0*958 ; —0*906; Incibenoe oe white-ely attack unber mffee- 
and —0*653 for X = 5 ; 6 ; 5 and 6 for the years ekt conditions of cultivation 

1931; 32, 33 and 1934 respectively. The corre- 
lation in all the cases was high and negative being A. Pit and line som. This experiment was 
significant in 1932 and 1933. This shows that an conducted during 1934, by the Deputy Director of 
increased amount of water depressed the white-fly Agriculture, Lyallpur. Cotton was sown in a few 
attack. Since a cultivator understands more in plots in lines as usual while in others alternating 
terms of the number of irrigations than the amount to those, it was so wn in pits which were 5 ft. apart 
of water applied to his crop, therefore, the four from each other and were filled up with farmyard 
types of irrigations, i.e. 4, 5, 6, and 7 which were manure before sowing- Each of these pits had a 
common in all the years were compared and the single cotton plant and the rest of the agricultural 
average infestation per sq. in, ranged as 4*15, operations were uniform in both the sets. The 
4*14, 3 *76 and 3*53 with a standard error of plants grown in pits were very bushy evidently 
±0*153. The trend was linear and the number of because of the larger space and excessive manure, 
irrigations on the whole diifered significantly, there The relative white-fiy attack was worked out week- 
being no significant difference between 4, 5, and ly on the respective sets and the crop sown in pits 
6 irrigations and between 6 and 7. From this it showed, on an average, comparatively lower 
may easily be concluded that 6 or 7 irrigations attack as shown in Table X. 

Table X 

Relative infestation of B. gossypiperdsi^ on crop sown in pits and in lines 


Time — ^Fortnightly 


July I 
II 

August I 
II 

September I 
II 

October I 

II . 
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Pit i 

30wn 

Line sown 

Leaf area 
examined 

Average infesta- 
tion per sq, in. 

Leaf area 
examined 

Average infesta- 
tion per sq. in. 

526-40 

0-78 

500-90 

4-00 

396-10 

2-09 

489-52 

6-40 

1066-69 

0-72 

. 1095-12 

1-70 

948-89 

0-27 

9^-05 

0-71 

1036-10 

0-28 

966-75 ^ 

0-38 

467-29 

0-05 

529-69 

0-16 

831-03 

0-14 

724-40 

0-29 

760*65 

0-22 

802-09 

0 36 
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Mechanical methods of soil dispersion were 
largely used in the beaker method of mechanical 
analysis of soils, where maximum dispersion in 
single operation is not necessary. The advent 
of the pipette methods brought into prominence 
the entire question of soil dispersion. It was soon 


aim at maximum dispersion as evidenced by the 
highest yield of clay and thus can provide an 
absolute standard for comparison. It has been 
shown by Puri and Manohar Lai [1938] that 
provided the only exchangeable ion in a soil 
is Na or Li and its value not less than 10 *8 


realized that the mechanical methods failed to its dispersion is at its maximum, and the yield 
bring about complete dispersion. The use of of clay the highest. It is quite immaterial how 
chemicals not only ensured maximum dispersion, this condition is brought about experimentally , 
but the technique could be standardized much For instance, we can directly shake it with the 
more efficiently than was the case with mechanical requisite amount of NaOH or LiOH, if it is a 
methods. hydrogen soil ; on the other hand, if it is a Ca- 

Among the purely mechanical methods of soil, we can convert it into a H-soil by dil. HCI 
dispersion one of the oldest is boiling which is treatment and then shake it with NaOH or 
probably still used in certain laboratories and LiOH [Puri and Amin, 1928], or we can precipi- 
its use in electrolyte free suspensions may be tate the exchangeable Ca by treatment with 
justified. Comparatively recently Nostitz [1926] ammonium carbonate [Puri, 1935] or sodium 
endeavoured to obtain the effect of ‘ cold boiling ’ carbonate or oxalate [Puri, 1936] or we can re- 
by drawing air through the suspension and thus place the exchangeable Ca by Na by treatment 
obviate the objectionable features of heating, with NaCl [Puri, 1929]. Provided that in every 
Simple rubbing in water with a stiff brush or case we make sure that the soil has been finally 


obviate the objectionable features of heating, with NaCl [Puri, 1929]. Provided that in every 
Simple rubbing in water with a stiff brush or case we make sure that the soil has been finally 
rubber pestle was another early procedure used brought to _pH 10*8, the results are the same 
by Beam [1911]. Whittles [1924] used a vibrating whatever method is used. This result is very 
machine to disperse soil samples and Olmstead important and should go a long way in providing 
^931] used supersonic waves for the purpose, a fundamental basis for the large number of 
The supersonic vibrations were produced by a apparently arbitrary methods of dispersing soils 
piezo-ele(^nc quartz crystal immersed in an oil for mechanical analysis of soils. This generaliza- 
bath. The energy was transmitted through the tion by defining the final stage of dispersion will 
oil into^ an Erlenmeyer flask containing a water greatly help in overcoming the natural reluctance 


suspension of the soil. The arrangement, how- 
ever, is far too costly to justify its use for routine 


of workers, versed in one method to adopt 
another. Since this final stage can be brought 


purposes espedally as the results are practically about in several ways, it is immaterial which 
the same as those obtained by rubbing with a method we use as long as we remember the 
rubber pestle. Bouyoucos [1927] used an electric conditions under which maximum dispersion is 


drink mixer to disperse his samples. This proce- 
dure was slightly modified by Baver [1928]. 

The use of chemicals such as sodium carbonate 
or ammonia to aid dispersion by shaking was ad- 
vocated by Briggs, Martin, and Pearce as early as 
1904. Although the nature of the chemicals 
used has differed in the hands of different workers, 


obtained. Having enunciated this fundamental 
principle, we can examine the purely mechanical 
methods of dispersion with greater confidence. 
It must be remembered that the dispersion of 
soil colloids is largely a question of overcoming 
the cohesion between the particles, Physico- 
chemically it is brought about in a medium of 


is Simp e procedure still remains the rnost ^^H 10*8 with Na or Li ions when the cohesion 
widey used standard method of dispersion, under water is minimum. Physically the choice 

K ^ has always must fall on one or more of the half a dozen 

been the subject of heated discussion and opinion methods referred to in the foregoing. 

IS still divided on this question. Several workers 

have passed judgment in favour of one or the Expebimental 

main difficulty has been. The choice of a H-soil for the preliminary 
the lack of an absolute standard for reference.' experiment is obvious iii view of the fact that it 
Modern physico-chemical methods of disperrion is the starting point for the gradual introduction 
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STUDIES IN SOIL DISPERSION, I 


of bases. Not only it is the most important 
basic material for ail soil studies, but its use is 
particularly appropriate m this case as the 
internal cohesion is probably the highest and 
if a mechanical treatment is successful in this 
case, the efficiency of the method for all types of 
soils will be assumed. Besides, a H-soil is often 
required at maximum dispersion for several 
physico-chemical measurements. This object can 
be accomplished by converting it first into a 
Na-soil at 10 * 8, and then reconverting it to a 
H.-soil without allowing it to dry. This proce- 
dure is tedious and it is not certain if this double 
1 reatment does not ]3roduce any material changes 
in the soil. A straight-forward mechanical dis- 
])ersion would be far superior for fundamental 
studies of this nature. For comparing the 
various mechanical methods of dispersion such 
t:reatments which require elaborate mechanical 
contrivances were left out of consideration, for 
it was felt that unless a physical method could be 
made at least as simple as the admittedly efficient 
chemical treatments, it would not find favour 
generally from the practical point of view. 

The following methods were tried : 

(/) Boiling, both 'cold’ and hot and with 
sand. 

(2) Rubbing with rubber pestle. 

{S) Simple shaking in a mechanical shaker 
with and without rubber balls or sand. 

These are dealt with under separate heads* 

A black cotton soil w'as used in the first instance* 
It w^as freed from bases by the usual 0^05 N, HCl 
treatment and air dried. The maximum clay 
percentage in the soil was 55. 

(i) Boiling 

Boiling was done for varying lengths of time 
with varying amounts of water. The technique 
for ' cold boiling ’ constituted in drawing a cur- 
rent of air through a sintered glass Buchner 
funnel. The results are given in Table I. 

It will be seen that boiling does not seem to 
be an efficient method of dispersion. Even the 
highest clay, i.e. 37*4 per cent obtained, by 4 
hours^ boiling is much below the maximum of 
55 per cent which this soil contains. It is sur- 
prising that the so-called ' coM boiling ’ is the 
least helpful. It was believed that the presence 
of sand might help in the breaking up of the 
^gg^Gg^tes. It seems that though this gives a 
slightly higher yield of clay the difference is not 
very significant. . 

{2) Rubbing with rubber pestle 

Rubber pestle was the usual rubber bung 
attached to a stout glass rod. Rubbing with the 
band besides being tiring is not effective as will 


Table r . 

Dispersion of a E -soil {containing f55 percent of 
clay) by boiling 
(10 gm. pf the soil taken) 


Boiling for 30 min. with 100 
c.c. of HgO 

Boiling for 30 min. with 
200c.e. ofHaO 
Boiling for 30 min* with 
SqOc.c.ofHaO , 
Boiling for 30 min. with 
400c.c.ofH20 
Boiling for 15 min* with 
200 c.c. of HgO 
Boiling for 1 hour with 
200 c.c. of HgO . . 

Boiling for 2 hours with 
200 c.c. of HgO . 
Boiling for 4 hours witli 
200 c.c. of HgO 
Boiling for 4 hours with sand 
‘Cold boiling ’ for 30 min. 
with 50 c.c. of water 


‘Cold boiling’ for 30 min. 
with 25 C.C. of water 


Remarks 


Effect of volume 
is thus nil 


As compared to 
boiling ^ disper- 
sion is very 
little 


be seen from Table II. A rubber pestle attached 
to a motor that was made to rotate in an agate 
mortar held in the hand and pressed lightly 
against the pestle proved very effective. The 
maximum clay was obtained in half an hour. 

Table II 

Dispersion of a H-soil [containing 55 per cent of 
clay) by rubbing with a rubber pestle 
(10 gm. of the soil was taken) 

Clay per 
cent 

^ ' ■ - ' . • ' '■ ■ ■ . ' ' : (0*002 mm. ) 


Rubbed in an agate mortar with the riibberj 
pestle by hand with 10 c.c. ofwater for 
5 minutes 

10 minutes . . . . ■ 

15 minutes . . . , , 

30 minutes 

Rubbed in an agate mortar with a mechani- 
cally rotated rubber pestle with 10 c.c. 
of water for 

5 minutes 

10 minutes . . . . * 

15 minutes 
20 minutes 

30 minutes . . . . , 

-Rubbed for 30 minutes as above with 

20 c.c. of water .... 
30 c.c. of water ..... 
40 c.c. ofwater , . 
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It ■will also be seen that the amount of water 
used bas an important bearing on the success 
of this method. When the amount of water is 
increased from 1 : 1 ratio the soil particles have 
a tendency to float and thus escape the grinding 
action of the pestle. 

{S) Shaking in a mechanical shaker 

A mechanical shaker is the simplest and most 
widely used contrivance for the dispersion of 
soil. Its effectiveness can be enhanced by the 
addition of rubber balls or sand to the suspension. 
Shaking the suspension with sand gave the 
highest yield of clay as will be seen from 
Table III. 

Table III 


Dispersion of a H-soil {containing 55 per cent of 
clay) hy mechanical shaking 
(10 gm. of the soil was taken) 


Tima of 
shaking 

Addition to suspension 

Clay per 
cent 

24 hours 

Nil 

22-9 

24 hours 

10 Rubber balls . . 

T5‘3 

24 hours 

20 rubber balls • . . 

18*6 

24 hours ' 

50 gna. of coarse sand . 

52-8 

24 hours j 

60 gm. of fine sand . . 

42- 1 

i 


Maximum dispersion with sand is attained 
by shaking for 24 hours using a soil-sand ratio 
of 1:5. Neither the temperature nor the 
volume of water used (which could be raised from 
25 c.c. to 300 c.c.) had any effect on rate of dis- 
persion or the maximum dispersion obtained. 

Results obtained with a drink mixer and 
simple shaking were of lower order and these 
methods were consequently not used except in 
the preliminary work. The most effective method, 
namely, shaking with sand, was examined in 
detail as it presented attractive possibilities. It 
requires practically no attention during the time 
the suspension is being shaken, and beyond the 
addition of the requisite amount of sand there is 
no preliminary treatment involved. Sand used 
for the purpose was of the coarse white variety 
having particles of about 1-5 mm. diameter. 
It was easily recovered after dispersion, by 
passing the suspension through a sieve of 1 mm. 
mesh, and used over and over again. 

COMPABISOK OE THE SAHD METHOD WITH OTHER 
STANDARD METHODS 

In view of the importance of these results in 
evolving, for practical use, a purely mechanical 


method of dispersion, and in view of the fact that 
the chemical methods are almost universally 
used in soil laboratories, it became imperative 
that the sand method should be compared with 
the chemical methods of dispersion. For this 
purpose 157 soils were used. These soils had 
been collected from different parts of India and 
represented practically all types. Also 59 H-soils 
were compared by the two methods. The results 
are given in Tables IV and V. The results for 
convenience of space are tabulated as difference 
between the two methods against the number 
of soils showing difference of that order. A 
plus sign indicates a higher value than the chemi- 
cal method and the negative value a lower result. 

Table IV' 


Comparison of clay contents obtained hy dispersing 
natural soils with the proposed sand method 
and the chemical method 


Difference ^ between the clay 
per cent by the two 
methods 

Number of 
ing diff£ 
this 

4" 

soils show- 
)renc© of 
order 

0-0 

to 

1*0 


, 

33 

18 

1-1 

to 

2-0 



13 

14 

2*1 

to 

3*0 



19 

10 

3*1 

to 

4*0 



13 

9 

4-1 

to 

5*0 



10 

7 

6-1 

to 

6*0 



1 

Nil 

6-1 

to 

7*0 



2 ' 1 

1 

7-1 

to 

8*0 



Nil 

Nil 

8-1 

to 

9*0 



NU 

Nil 

9-1 

to ; 

10*0 

. ■ '■ . 


Nil 

; ^ NU 

10*1 

to 15-0 



3 

Nil 

16-1 

to 20*0 

. 


3 

Nil 

20-1 

to 25*0 

* 


1 

Nil 


For hydrogen soils the chemical method used was 
the addition of sufficient NaOH to bring the 
of the suspension to 10*8 and for natural soils 
NagCOs-NaOH [Puri, 1936] method of dispersion 
was employed. The pH in this case was also 
brought to 10*8. The latter method may be 
regarded as the least drastic of aU the chemical 
methods and therefore most appropriate for 
comparison with a purely mechanical method. 
The results revealed the following facts ; 
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' Table; V 


Comparison of clay contents obtained hy dispersing 
E -soils with (he proposed sand method 
and the chemical method 


Difference between the clay 
per eezit by the two methods 

Number of soils show- 
ing difference of this 
order 

+ — 

0*0 to 1*0 

2 

4 

l-l to 2-0 . . . 

2 

5 

2-1 to 3-0 . . 

4 

1 

3*1 to 4*0 

mi 

2 

4*1 to 5*0 

2 

3 

5-1 to 6-0 

3 

1 

1 ^ 

6*1 to 7*0 

5 

1 

7*1 to 8*0 . . 

3 

mi 

8*1 to 9-0 . , 

5 

mi 

9*1 to 10*0 

4 

1 

10-1 to 15*0 

4 

4 

15-1 to 20*0 . . . 

mi 

mi 

20-1 to 26 *0 

1 

1 


1. The majority of natural soils (150) gave 
maximum dispersion with the sand method and 
the results agreed with the Na^COg method. 

2. Some natural soils (7 out of 157) gave higher 
values with the sand method as compared to the 
NagGOg method. 

All these seven soils, though from vastly differ- 
ent localities, belonged to one type, namely 
shales. The low values for these soils in the 
chemical method were due to the failure of the 
NagCOg method to bring about complete disper- 
sion. W^hen these soils were acid treated and 
then shaken with ISTaOH at 10-8 they dis- 
persed completely and the values agreed with 
•(;he sand method. 

3. Only one natural soil gave a higher value by 
7 * 6 per cent with the Na^COg method. 

4. Six natural soils showed flocculation when 
the volume was made up after shaking with sand, 
W^hen the soil had settled down and the clear 
supernatent liquid was poured off and replaced 
by fresh distilled w^ater the suspension was 
stabilized. The flocculation in these soils was 


due to salts and when these were removed by 
^ a preliminary leaching with water, the disper- 
^ sion was complete with sand. 

5. Two natural ^soils persisted in being floccu- 
lated after dispersion with sand. iTo amount of 
jmeliminary leaching with water improved matters 
though a small amount of alkali stabilized the 
s^pension and the yield of clay was maximum. 
These soils had low pH value and contained only 
Ca as the exchangeable base. On removing the 
exchangeable Oa by acid treatment the soil could 
be dispersed completely by the sand method. 
Jme dispersion was even slightly enhanced by 
the addition of Ga(OH )2 but when the amount 
ot Ca(OH )2 was increased to the quantity ori- 
gmally present in the soil flocculation took 
place. It appears therefore that these soils con- 
tain exchangeable Ca Just about the quantity 
required for flocculation which has either to be 
inactive by the addition 

of HagCOg. 

6. The agreement between the chemical and 
mechanical methods was not so close in the case 
of H-soils (Tabel V) as in the case of natural 
sods. This is evidently due to the fact that an 
acid treated soil has got very unfavourable ®B[ 
value for the stabilization of the soil colloids 
and the difference between the reaction of the 
alkali treated and untreated soil is very great. 

The results on the whole would leave no doubt 
that the sand method is an effective means of 
dispersing natural soils. A number of natural 
soils dispersed by HagOOg method and the sand 
method were subjected to complete mechanical 
analysis and the summation curves obtained by 
the two methods were found to be almost identical. 
There is thus no break down of the coarser 
fractions into particles that did not originally 
exist in the soil. The remarkable agreement 
between the mechanical and chemical methods of 
dispersion shows that neither the one nor the 
other is too di*astio and that both give the size 
distribution of primary particles as they exist 
in soils. 

As already mentioned chemical dispersion 
of a soil is not complete until a pH value of 10-8 
is reached. ^ At this pH the soil does not require 
any mechanical shaking. However, when chemi- 
cal dispersion is aided by mechanical dispersion 
the maximum dispersion is obtained at a lower 
pH value than otherwise. In other words the 
effect of chemical and mechanical dispersion 
becomes additive. This will be clear from 
Table VI in which the dispersion of a H-soil to 
#hich increasing amounts of alkalies have been 
added was completed with and without shaking 
with sand. ^ 
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Table' VI 


Effect of combining chemical and mechanical 
methods of dispersion, P. C, IS H -soil per 
cent clay ( <; • 002 mm,) 


Quantity of 
N/10 NaOH 
added to 10 
gm. of soil in 
c.c. ■■■' 

\ ' 1 

No shaking 
with sand 

Shaking 
with sand 
for 2 hours 

Shaking 
with sand 
for 24 hours 

0 

1-2 

21-0 

54*2 

3 

4-0 

29-5 

55-5 

■ ■ , '5 

6-6 

33*1 

55-5 

10 

13-2 

34-0 

55-5 

15 

18-8 

37-5 

55*8 

20 

21-4 

40*0 

55-0 

30 

28- 5 

44-7 

55-4 

40 

37-5 

49*5 

55-5 

50 

49v5 

53-0 

66*0 

60 

55- 0 

55'2 

65*5 


The efficiency of the sand method for dis- 
persing soils led to the specnlation that this 
treatment may he too drastic for some soils so 
instead of breaking up the aggregates, some of the 
coarse piimary particles as well might get broken 
up. Information on this point could be gathered 
by shaking a soil with sand for a much longer 
period than the prescribed 24 hours and to see 
if there is any tendency for the gradual increase 
of fine particles at the expense of the larger 
ones on continuous shaking. On shaking P.C. 13 
soil for varying periods, up to a maximum of 
seven days, it was found that there was no in- 
crease in any fraction by shaking for longer 
periods and the percentages of various fractions 
obtained on seven days shaking were exactly 
the same as those obtained on 24 hours shaking 
The sand method therefore is not too drastic to 
break up primary particles. 

The sand method, as pointed out before, pre- 
sents the possibility of obtaining normally un- 
dispersed H-soils in a dispersed condition. The 
soil thus dispersed no longer remains so if it is 
dried- There is no known method by which a 
dispersed H-soil could be preserved in the dry 
state so that on coming in contact with water 
it might give a highly dispersed suspension. 
The fact that softer crumbs are produced when 
a soil wetted with alcohol is dried, led to the 
possibility of dispersing soil in alcohol in the 
first instance. The filtration of the alcohol dis- 
persed soil is rapid and on drying it falls to a 
powder. It was found, however, that although 
the soil could be dispersed as in the case of water 
by shaking with alcohol, and there was also no 
difficulty in filtration but on drying it could not 
be redispersed in water. In order to test the 
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possibility of this state of affairs being due to 
the traces of water present in alcohol attempts 
were made to exclude water completely during 
the final drying. The soil was dispersed in 
alcohol with sand, filtered and washed with 
alcohol, then with benzene and finally with 
ether. It was then dried in a current of dry 
air and kept in a desiccator until redispersed in 
water. Even with this treatment the soil could 
not be kept in a fully dispersed condition in the 
dry state though the dispersion was much greater 
than when water saturated dispersed soil was 
dried. 

SUMMABY 

Of the purely mechanical methods of dispersing 
soils, shaking for 24 hours with coarse sand is 
the most effective. The diameter of sand 
particles is one to two millimeters and the amount 
used is five times the weight of soil. 
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The investigation described in this paper had 
its origin in a discussion which took place at the 
Waterlogging Conference in Lahore in 1935. It 
was mentioned at that Conference that in order to 
prevent the further rise of bed levels of canals silt 
excluders were being fitted to the heads of some 
canals and distributories. Fears were expressed 
that the exclusion of this silt might reduce the 
supposed fertilizing properties of water. In this 
latter connection the view of the zamindars, who 
regard the silt carried by the river Ravi to be of 
^eater fertilizing value than the silt in other 
rivers of the Punjab, was also put forth. 

The tttility oe the excluded silt 

The objections to the deposition of silt in the bed 
of a channel are the reduction in capacity of the 
canal, the raising of the full supply level and the 
consequent increase in seepage and the increased 
cost of maintenance of the banks which becomes 
necessary. Silt exclusion at the head of a canal is 
designed to deal only with that portion of the silt 
that is likely to form bed silt in some part of the 
system. It is, in fact, impossible to exclude much 
of the finer fractions of the silt as this tends to be 
evenly distributed throughout the depth of water 
in a channel and not concentrated in the bottom 
water as is the case with the coarser fractions. 


The size of the particles forming bed silt in the 
main lines, branches and distributories of the 
Punjab canal system usually exceeds 0*05 mm. 
in diameter and is frequently situated in the range 
O' 05 mm. to 0*6 mm. in diameter. A survey of 
the watercourses to determine the size of the silt 
particles deposited in them had brought out, on 
the other hand, that almost all the particles less 
than 0*01 mm. in diameter remain in suspension 
and reach the fields. A comparison of the mecha- 
nical analysis of the sediment deposited in special 
tank from water of the river Nile and the mud 
from channel leading to sedimentation basins of 
Giza water service is given in Table I and confirms 
the observations made above. According to the 
International Classification of particle sizes the bed 
silt in the Punjab canals belongs to the fine and 
coarse sand fractions. While these fractions may 
be regarded as the frame work of the soil, little 
importance may be attached to them as sources of 
plant food. The exclusion from a canal system 
of material likely to form bed silt can have no effect 
on the fertilizing value of the silt laden water which 
reaches the fields. From the agricultural point of 
view, therefore, the examination of the fertilizing 
properties of silt particles below 0*01 mm. in 
diameter is more important. 


Table I 

Mechanical analyses of Nile silt 

(By A. D. Hill, Director, Rothamsted Experimental Station)^ 


Water from river, 
sedimented in special 
tank 


Mud from chamiel leading 
to sedimentation basins 
of Giza Water Service 




Dried at 
100° 
per cent 

Ignited 
per cent 

Dried at 
100° 
per cent 

Ignited 
per cent 

Retained by sieve above 0*2 mm. 








1st sediment 0*2 — 0*04 mm. .... 



0*60 


0*58 

io* 25 

io*05 

2nd ,, 0*04 — 0*01 mm. 



8*17 


7*82 

38*02 

36*90 

3rd „ 0*01— 0*004 mm. 



17 -.53 


16*62 

10*33 

9*54 

4th „ 0*004— 0*002 mm. 



10*40 


9*15 

7*08 

5*85 

Clay 0*002 mm 



50*24 


42-92 

26*64 

22*33 

Loss on solution ...... 



2*34 


2*34 

^:5*27 . 

5*27 

Moisture . . 



8*58 


8*58 

4*64 ' 

4*64 

Loss on ignition 





10*27 

■ '■* '■ ■''' ' i 

7*06 




97*86 


98*28 

102-23 

j 101-64 


* Taken from the Egy-ptian Irrigation by Willeock & Craig 
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Eatuee oe silts bbought down by the Punjab 

BIVEBS: 

In the Ptmjab, the year can he divided into three 
periods vdth reference to both the type and quan- 
tity of silt in siispension in the river waters. The 
rivers coniinence to rise in March due to the 
melting of snow on the high hills. With this rise 
in the rivers, a grey silt is brought down to the 
plains. The production of this grey silt is most 
probably due to the physical weathering of the 
rockj and therefore, it consists of unchanged rock 
material in a fine state of sub- division. The grey 
silt is a potential source of fertilizing material which 
may he rendered available when the silt is sub- 
j ected to chemical weathering in the plains. 

When the rain falls in the Mils during the monsoon 
period the character of the silt in the rivers changes. 
The run-off from the lower hills causes erosion of 
the soil and as a result the silt in the rivers has a 
red appearance. The silt in suspension in the 
rivers at this period, therefore, consists of a mix- 
ture of the grey silt derived from the Hgh hills and 
soil eroded from the lower hills as the results of 
the rainfall. It might be expected that the silt in 
tMs period would contain more available fertili- 
zing matter than in the pre-monsoon period, 
since a portion of the material has already been 
subjected to chemical weathering of the lower hills. 
On the other hand, since the silt is being trans - 
ported in water, the available fertilizing con- 
stituents may go into solution and only the residue 
consisting of unweathered rock would reach the 
fields. 

After the monsoon period the grey silt persists 
for a time but by the middle of November the 
water becomes clear and generally remains so 
until the following March. Freshets due to 
winter rains may occur during this period when a 
red silt derived from the soils of the lower Mils 
comes in suspension. 

Expeeimeotal 

As there are three silt periods into wMch the 
year can be dmded, it was decided to sample the 
silts in suspension in the rivers before, during and 
after the monsoons. Samples of silt in suspension 
were collected at the following sites on the various 
rivers over a period of two years 1985-36 and 
1936-37: 

(^) Eiver Sutlej at Eupar 
(ii) Eiver Beas at Mandi 
(in) Eiver Eavi at Madhopur 

(iv) Eiver Chenab at Marala 

(v) Eiver Jhelum at Easul 

(vi) Eiver Indus at Ghazighat 
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The silts were analysed for the following : 

(a) The mechanical analysis was done by the 
usual method. 

(b) The total phosphate, potash and soda 
contents in the HG 1 extract were determined 
according to the method adopted by the 
Agricultural Education Association. 

(c) The available phosphate content was done 
by the CO 2 extraction method [Puri and 
Asghar, 1936], 

(d) The total nitrogen content was determin- 
ed by the method proposed by Bal [1935]. 

(e) The calcium carbonate content was deter- 
mined by the method proposed bj Puri 
[1931]. 

(f) The pS. values of the 1:5 suspensions were 
determined by the glass electrode [Hoon 
and Taylor 1931]. 

(g) The exchangeable bases were determined 
by the usual methods. The results of ana- 
lyses are given in Tables II- V. 

Discussion of results oe analyses 
(a) Mechanical analysis 

As had been pointed out in section 2 above, the 
clay and fine silt only reach the fields during irri- 
gation and therefore these fractions merit consider- 
ation. It will be seen from the results that „the 
Indus and the Sutlej silts contain much Mgher 
proportions of silt and clay than those taken from 
the other rivers. The Jhelum during the monsoon 
period has a high content of silt and clay wMch 
indicates considerable soil erosion in its catchment 
area. The catchment areas of the Beas and Eavi 
are small, which probably accounts for the small 
amounts of clay and silt in the monsoon periods 
in these rivers. A further difference distinguish- 
ing these rivers, from the remainders, at the 
sampling sites is the velocity of the water. The 
Eavi and Beas at the sampling sites have boulder 
beds, the velocity of the water is high and conse- 
quently the amount of coarser material in suspen- 
sion is high. The sampling sites on the Sutleji 
and Indus are well outside the catchment areas and 
the water velocities relatively low. The coarser- 
material will have been deposited upstream of’ 
the sampling sites wMch would lead to an in- 
crease in the percentage of the finer fractions. 
The Chenab at Marala appears to have a low 
content of the finer fractions at all seasons. TMs 
may be due to the short tributaries from the 
Jammu hills wMch enter the river just above 
Marala and bring coarse material with them. 

From the physical point of view, therefore, it 
would be expected that the plains irrigated from 
the Sutlej and Indus would tend to become heavier 
as regards soil type wA that there would be . 
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Table II 

Amlyiical remits of silt samples collected during the year 1935-36 
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Name of river 

1 

Name of site 

. 2 

Time of taking 
silt sample 
with reference 
to the rainy 
period 

8 

Per cent 
CaCO, 
content 
(on 

complete 
silt col- 
lected 
at 

site) 

4 

5 

Mechanical analysis 

Besults expressed on air-dry basis) 

fCIay'as, 
percent 
frac- 
tion 
of the 
total 
0*01 
mm. 
particles 
In the 
silt 

sample 

11 

tt 

Per cent 
CaCO* 
content 
in the 
portion 
of silt 
reach- 
ing the 
field 

12 

, 

Band 

>0*2 

6 

Pine 

sand 

from 

0.2— 

0*02 

7 

Silt 

particles 
between 
0*02 <S: 
0*01 

8 

♦Fine 
silt par- 
ticles 
between 
0*01 & 
0*002 

9 

*»CIay 

below 

0*002 

mm. 

10 

Sutlej 

Bupur 

Before 

20*25 

8*64 

1*52 

30*74 

12*85 

25*60 

12*66 

83*16 

34*68 



Buring 

11*25 

8*69 

2-55 

56*79 

15*63 

12*68 

6*55 

30*44 

38*16 



After . 

6*50 

8*40 

21*68 

43*25 

11*23 

10*66 

8*20 

23*10 

31*93 

Beas 

Mandi (plain) 

Before 

1*50 

8*35 

1*72 

65*98 

12* 

10*88 

4*80 

30*61 

8*73 



Buring 

1*60 

8*42 

7*42 

69*92 

12-23 

7*18 

2*80 

28*06 

13*07 



After . 

1*50 

8*67 

1*31 

75*39 

10-75 

6*23 

2-93 

32*00 

14*07 

Bavi . , : . 

Madhopur , 

Before 

Nil 

7*83 

... 



... 

1*20 

... 

... 



Buring 

0*50 

7*67 

27*07 

52*36 

10*88 

4*85 

1*88 

27*94 

6*92 



After . 

0*50 

7*53 

25*28 

46*65 

21*90 

6*30 

1*30 

17*11 

6*17 

Cbenab * 

Marala 

Before 

2*0 

9*12 

21*11 

64*86 

6*25 

1*10 

1*46 

66*88 

43*95 



Buring 

2*38 

8*22 

0*65 

60*94 

16*45 

17*63 

9*90 

35*96 

7*96 



After . 

1*00 

7*46 





1*33 

... 

... 

Jhelum 

Basul. 

Before 

8*88 

8*52 

0*85 

48*23 

22*65 

12*90 

4*75 

26*91 

83*48 



Buring 

7*25 

8*26 

0*20 

20*11 

23*30 

37*75 

12*80 

25*32 

12*64 



After . 

8*50 

8*41 

6*0 

46*20 

21*68 

13*65 

4*05 

22*88 

32*44 

Indus 

Ghazighat . 

Before 

8*00 

8*36 

0*51 

30*62 

17* 03 

24*48 

19*05 

43*76 

16*53 



Buring 

9*25 

8*36 

0*28 

29*61 

17*50 

25.30 

17*10 

40*33 

17*91 



After . 

10*60 

8*50 


... 

i ■ - ' 


28*28 

- ■■ 

, ■ - 


* Coluinns 9 and 10 : The fractions of the suspended Silt that acfctially reaches the field. 

t Column 11* Per cent clay (column 10) x 100 

Per cent clay (column 10) + per cent fine silt (column 9) 

tt Column 12: The CaCO a is in a fine state and reaches the field along wiih particles of silt ranging from 0*01 mm. downwards. 
The per cent calcium c*rbonate in column (4) is determined on the complete silt. Its percentage in the fraction of the silt that reaches the 

field is calculated Per cent calcium carbonate (col um n 4) x 100 

Per cent calcium carbonate (column 4) 4* per cent fine silt (column 9) + per cent clay (column 10) 


little change in the soils of the Ravi, Chenab 
and Jhelnm areas. Deterioration of physical 
conditions may take place cin the Sutlej and 
Indus but no material change -would be expected 
on the areas served by the remaining rivers. 

The conclusions regarding the Indus may be of 
considerable importance in the development of 
the Thai area. This area is situated between the 
Indus and Jhelum-Ghenab rivers and is soon to be 
irrigated from the Indus by means of canals 
taking oif at Kalabagh. The soils of the Thai 
consist of an unknown depth of loess resting on 
alluvium. This loess is easily erodable which may 
lead to high maintenance costs of the channels. 
It is very permeable, which means a low duty for 
the water and possibly a rapid rise in the water- 
table. The high content of the finer fractions in 
the Indus silt may lead to the formation of non- 
erodable berms in the canals as it will impart 


cohesion to the loess. It will also tend to in- 
crease the water retaining power of the soils and 
should result in time in an increase in the duty of 
the water. 

(b) Calcium oarboTiate content of silts 

It will be noticed that the calcium carbonate 
content of silts varies considerably from river to 
river. The highest quantities are present in the 
river Sutlej silts. A comparison of the figures for 
the pre-monsoon and monsoon periods clearly 
shows that the calcium carbonate is derived from 
the area in the snow- covered higher hiUs since the 
percentage falls with the addition of silt derived 
from the lower hills during the monsoon. 

The silts of the Jhelum and Indus also have a 
high content of calcium carbonate. There is 
little difference in the percentages for the pre- 
monsoon and monsoon periods. This is probably 
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Time of talcing 
silt sample 

Analysis of the 
HCl extract 

Besults expressed in mgm. 
per 100 gm. of silts. 

Exchangeable base content 
(Besults expressed in mill-eauiva- 






Avail- 



lents) 


Name of river 

Name of site 

with reference 
to the rainy 

Percent 

Per cent 

Total 






KaO 

Na^O 

PsOs 

able 

Nitro- 

Ca 

Mg 


1; Na ^ 



period 



(in HCI 
extract) 

PaOs 

gen 

1 K 

1 ' 




1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

1 , 11 ' 

: 12 

Sutlej 

Buper 

Before 

0-70 

0*09 

95*73 

1*20 

6*00 

28*50 

1*60 

0*38 

i 0-22 



During 

0*61 

0*08 

109*10 

1*28 

8*40 

17*40 

2*30 

:■ 0*87 

0-52 



After . 

0-60 

0*12 

118*55 


12*0 

11*40 

1*40 

0*29 

0*41 

Beas 

Mandi (plain) 

Before 

0*63 

0*06 

89*5 

... 


8*70 

0*65 

0*55 

0*15 



During 

0-64 

0*05 

157*00 



10*10 

0*60 

0*55 

0*10 



After . 

0-51 

0*05 

181*85 



8*70 

0-63 

0-39 

0*21 

Bavi 

1 

Madbopur . 

Before 

0*57 

0*10 

134*00 

0*93 

6*0 

3*90 

2- 10 

0*44 

0-36 



During 

0*38 

0*04 

152*50 

1*10 

8*40 

5*80 

1*70 

0*00 




After . . 

0*60 

0*06 1 

94*55 

0*90 

8*40 

4*20 

1*10 

0-14 

0*26 

Clienab 

Marala 

Before 

0*65 

0*08 

130*9 

0*95 

9*80 

6*90 

1*60 

0*32 

0*68 



During 

0*52 

0*06 

109*1 

1*18 

12*60 

16*90 

2*10 

0*33 

0-37 



After 

0*46 

0*10 

105*9 


6*30 

5*10 

1*10 

0*18 

0*62 

Jlielum 

Basul 

Before 

0*55 

0*13 

140*10 

1*50 

14*0 

14*70 

2*80 

0 - 76 

0*04 



During 

0*98 

0*12 

146*10 

1*88 

24*50 

17*70 

1-50 

0*99 

0*11 



After . 

0*58 

0*13 

140*70 



14*10 

1-80 

0-80 

0*30 

Indus 

Ohazighat . 

Before 

1*11 

0*20 

151*80 

0*50 

11*20 

16*20 

2*70 

0*48 

0*32 



During 

0*84 

0*18 

117*40 

0*93 

12*60 

20-30 ‘ 

2*10 

0-63 

0*27 

1 


After . 

1*38 I 

' ; 1 

0*18 

95^70 

0*75 

21*00 

[ 

19-20 1 

. ■■ '2-20' 

0-52 

0*18 


Table IV 

Analytical results of silt samples collected during the year 1936' 37"^ 


Name of river 

■ ■■ ■ 1 ■ ■ 

Name of site 

2 

Time of taking 
silt sample 
with reference 
to the rainy 
period 

3 

Percent 

CaOOa 

content 

4 

pB 

5 

Mechanical analysis 
(Besults expressed on air-dry basis) 

clay as 
percent 
fraction 
of the 
total 
0*01 
mm. 
par- 
ticles in 
the silt 
sample 
11 

Per cent 
Ca COt 
content 
in the 
portion 
of silt 
reach- 
ing the 
field 

12 

Sand 

>0*20 

Fine 
sand 
0*2 to 
0-02 

7 

Silt par- 
ticles 
between 
0*02 & 
0*01 

8 

Fine silt 
par- 
ticles 
between 
0-01& 
0*002 

9 

Clay 
0*00 2* 
mm. 

10 

Sutlej 

Eupar . 

Before 

10*00 

7*68 

1-44 1 

42*01 

14*18 

22*93 

7*00 

23-38 

, 

25*04 



During 

6*50 

8*24 

2*78 ' 

43-20 

12*50 

22*69 

9*40 

29-05 

14*83 



After . 

5*25 

8*20 

3*19 

10*61 

6*78 

40*45 

31*60 

43*86 

6 '79 

Bavi 

Madhopur . 

Before 

0*75 

7*70 

20*29 

40*56 

14*25 

17*90 

2*70 

13-11 

3*53 



During 

0*50 

7*87 

4*19 

49*14 

20*16 

18*98 

2*98 

13*57 

2*23 



After . 

1*00 

8*40 

37*94 

29*37 

13*35 

11*45 

3*45 

23*16 

6-29 

Chenab . 

Marala 

Before 

3*25 

7*90 

10*36 

52-03 

17-40 

18*00 

2-90 

13*88 

13*46 



During 

3*00 

8*18 

0*73 

67*19 

14*23 

9*05 

3*05 

25*21 

19-87 



After . 

2*50 

7*80 

0*96 

18*71 

14-73 

39*10 

19-40 

33*16 

4-09 

Jhelum 

Basul 

Before 

8*75 

8*20 

1*36 

79-84 

7*55 

2*90 

0*45 

13*43 

72-32 



During 

7*75 

8*28 

0*70 

36*69 

13*80 

27*50 

8*15 

22-89 

17-86 



After . 

10*86 

8*14 

1*89 

27*39 

25*45 

25*45 

7-05 

21*69 

25-05 


• for explanation of the vaiions columns sec bottom of Table n 
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V 

W 


Mr 


# 




f- 

I 

■4 


Analytical results of silt samples collected during 1936-37 




Time of taking 
silt sample 
with reference 
to the rainy 
period 

Analysis of the Eesuits expressed in mg. 

HCI extract per 100 gm. of slits 

Exchangeable base content (Eesuits 
expressed in milh-eQaivalents) 

Name of river 

Name of site 

Per cent 
KnO 

Per cent 
NajO 

Total 
PaOs 
(in HCI 
extract) 

Avail- 

able 

PaO. 

Nitro- 

gen 

Ca 

Mg 

K ■■ 

Na 

Sutlej 

Eupar 

Before 

0*80 

0*11 

128*86 

3*66 

46*20 

14*70 

1*40 

0*35 

0*10 



During 

0-91 

0-10 

163 *28 

3*82 

21 • 70 

9*30 

1*40 

0*47 

0*06 



After . 

1*50 

0-07 

100*0 

2*63 

47*32 

14*80 

2*28 

0*83 

0*07 

llavi , • 

Madhopiir . 

Before 

0-31 

0-08 

140*96 

1*83 

30-80 

8*00 

1*20 

0*24 

0*16 



During 

0*70 

0*02 

174*80 

1*98 

43*12 

5*40 

1*05 

0*28 

0*37 



After . 

0‘7f> 

0-05 

110-00 

1*53 

1 

53*62 

4*00 

0*58 

0*36 

0*04 

Chenab . 

Marala 

Before 

0-71 

0*08 

180*54 

3*28 

40*32 

5*40 

0*09 

0*09 

0-21 



During 

0-43 

0*05 

169*00 

2*64 

17*98 

7*80 i 

1*30 

0*38 

0*10 



After . 

1*37 

0*05 

100*0 

1*83 

54*32 

17*40 1 

2*25 

0*39 

I 0*11 

Jnelum 

Easul 

Before 

0-42 1 

0*11 

146*08 

0*64 

26-60 

7 * 40 

0*80 

0*25 




During 

0*69 

0*47 

189*50 

2*84 

30*80 

15*20 

1*55 

0*41 

1 ' 0*07 

1 



After . 

1-25 

0*12 

1 160*00 

1*87- 

62*08 

1.3 *80 

1*18 

0*56 

1 0*04 


due to the fact that the monsoon does not affect the deterioration of soils similar to those in the 
the catchment areas of these rivers to the same Punjab while a silt low in calcium carbonate will 
extent as those of the other rivers of the Punjab, have no harmful effect. On this basis some res- 
Next in importance with reference to calcium pect must be paid to the opinions held by the local 
carbonate content is the silt of the Chenab river, zamindars. It is curious that support is lent to 
The quantities of calcium carbonate reaching the the above by the large areas of alkaline lands 
fields (it is presumed that all the calcium carbonate which occur in the Sutlej, Jhelum and Indus 
content is very finely divided and is carried to the valleys and their absence in the areas served by 
fields along with the clay and fine silts fractions the Upper Bari Doab Canal which takes off from 
in suspensions vide column 12, Tables II & IV) the Eavi. 

in the areas served by the canals taking off from the (c) The chemical analysis of the silts show very 

Chenab, however, will be relatively small. Both small quantities of nitrogen, phosphates and 
the Beas and the Eavi rivers have a very low potash. It is doubtful whether after their trans- 
calcium carbonate content. port with waterfor considerable distances any of 

The zamindars in the Punjab regard the Eavi these constituents would be available for the plant 
silt as having the greatest fertilizing value. It is until they have been subjected to weathering 
curious that tliis silt contains the lowest percent- after deposition. 

age of calcium carbonate and thei'efore this No field experiments have been carried out to 
opinion appears to conflict with the views general- determine the fertilizing value of the silts. It is, 
ly held on the value of calcium carbonate. A ho-^v’^ver, a world- wide belief that silts have a 
possible explanation is that it has not definite fertilizing value. Analysis of silts in 
more fertilizing value but that it causes various parts of the world do not support this. It 
less deterioration of the soil. The soils of the seems probable that the origin of the ideas regard- 
Punjab plains generally contain sodium salts, the ing the fertilizing properties of the silt is bound up 
chief of which is sodium sulphate. As the result with water supply. In all countries where 
of the presence of these salts the soil becomos irrigation is practised water is the principal factor 
alkaline under irrigation and in the final stages limiting crop yields. If a large deposit of silt is 
of deterioration contains sodium carbonate. It obtained it memns that a big depth of water has 
had been shown experimentally [Puri, Taylor and been present and therefore that the reserve sup- 
Asghar, 1937] that calcium carbonate reacts with plies of Water in the soil after the deposition of the 
the alkaline sodium clay of the Punjab soils silt are greater in areas of high silt deposits than in 
and sodium carbonate is rapidly formed. A silt areas of low^ silt deposit. This is the case in 
high in calcium carbonate may therefore lead to the basin irrigation practised in Upper Egypt. No 
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attempt seems to have been made to separate the 
effects of the silt and water factors. 

SuMiytAEy '• 

The chemical analysis of silts carried in sus- 
pension by the various rivers of the Punjab has 
been discussed in order to throw some light on 
their fertilizing properties. 

It is shown that the silts contain very small 
quantities of nitrogen, phosphates, and potassium 
and cannot thus be regarded as dLirect fertilizers. 

Differences between the silts of the various 
rivers have been brought out from a consideration 
of firstly the percentage fractions of the silts that 
are likely to reach the fields and secondly their 
calcium carbonate contents. It is shown that 
from the physical point of view the plains 
irrigated from the Sutlej and Indus would tend to 
become heavier as regards soil type and there 
would be httle change in the soils of the Ravi, 
Chenab and Jhelum areas. Deterioration of 
physical conditions may take place on the Sutlej 
and Indus but no material change would be 
expected on the areas served by the remaining 
rivers. 
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Silts high in calcium carbonate may lead to 
deterioration of soils while those low in calcium 
carbonate will have no harmful effects. 

Aoknowledcbment 

We take this opportunity to thank Dr E. 
McKenzie Taylor, C.I.E., M.E. E., Ph.D., D.Sc., 
Director, Irrigation Research, Punjab, for his very 
valuable suggestions in connection with this study. 

REFERENCES 

Bal, D. V. (1925). The determmation of nitrogen in 
heavy clay soils. J, agric, Sci, 14, 454 
Hoon, R. 0. and Taylor, E. M. (1931). An examination 
of the factors determining the hydrogen ion concentra- 
tion of suspension of Punjab soils. Mem. Punjab IrrL 
Bes. Inst. Vol. 4, No. 1 and 2 

Puri, A. N. (1931). A new method of estimating total 
carbonates in soils. Imp. Inst. Agri. Bes. Pusa (India), 
BuU.No.20Q 

and Asghar, A. G. (1936), Estimation of 

available phosphates in the soil by COg extraction 
SoilSci. 42, 39 

-Taylor, B. M. and Asghar, A. G. (1937). So 


deterioration in the canal irrigated areas of the Punjab a 
111. Punjab Irri. Bes. Pub. Yol. 4, No. 9 


STUDIES ON BASE EXCHANGE 

I. COMPARISON OE BASE EXCHANGE CAPACITIES AND DEGREE OF SATURATION OF 
SOME INDIAN SOILS OBTAINED BY DIFFERENT METHODS* 

By S. K. Mxjkherjee,** M. Sc., and S.K.Naxpi,§ M. Sc., Colloid Research Laboratory, University 

College of Science and Technology, Calcutta 
(Received for publication on 7 May 1943) 


Ix assessing the fertility and other properties of 
a soil, its base exchange capacity (b. ©. c.) and 
content and nature of exchangeable bases are of 
importance. The methods in vogue, however, 
give different estimates of the same quantity and 
this lack of uniformity becomes more prominent 
when the exchangeable cation is partly or wholly 
hydrogen. The need of one method for each tpye 
of measurement which can he used for a wide 
variety of soils is obvious and has been emphasized 

* The results given in this paper were published in the 
Annual Report for 1938-39, 1939-40 and 1940-41 on the 
working of the scheme of research into the properties of 
colloid soil constituents financed by the Imperial Council 
of Agricultural Research and directed by Prof. J. N. 
Mukherjee 

** Assistant Soil Chemist under the above scheme 
during 1 938-39 

I Assistant Soil Chemist under the above scheme 
since 1939 


by many [Russell, 1938]. Although this ideal may 
be difficult of accomplishment in view' of differ- 
ences in soils, an agreement as to which method is 
most suitable for a particular group of Indian soils 
is most desirable. 

2. A comparative study has been made of the 
following methods : 

Base exchange capacity {T) 

(1) Parker’s barium acetate-ammonium chloride 
method [Parker, 1929]. 

In addition to the estimation of Ba++ adsorbed 
from a neutral normal barium acetate solution, 
estimation was made of the NH4+ adsorbed from 
normal NH4CI solution used to displace the ad- 
sorbed Ba++. 

(2) Schollenberger and Dreibelbis’ method 
[1930]. 

NH4+ adsorbed from a neutral normal ammo^ 
nium acetate solution was estimated. 
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Total exchangeable bases (S) 

(3) R. WilliamsV method [1929]. 

S was also obtained by summing np the indivi- 
dual axchangeabie bases separately estimated. 

Individual exchangeable bases 

(4) Hissink's method [1923]. 

(5) Hissink-Tiulin method [Tiulin, 1927]. 

These two methods were employed for estimat- 
ing exchangeable Ca and Mg. Exchangeable Na 
K and also Mg and Ca of non- calcareous soils were 
estimated in the ammonium-acetate extract of 
method (2). 

Exchangeable hydrogen 

(6) Hardy and Lewis’ method [1929]. 

(7) Titration with baryta in presence of N-BaCIg. 
The amount of baryta required to attain jpH 7-0 
was estimated from the titration curve. 

3. The soils which have been used for this com- 
parison are enumerated in Table I. 

4. The data are summarized in Table II. 

Base exchange capacity. Methods 1 and 2 show 
good agreement both in the case of soils (Table II) 
and clays (Table III) although different cation 
effects are involved. The reaction between a salt 
and the soil absorption complex depends, besides 
other|factors, onthe j?H of the equilibrium solution 
and the cation effects [Mitra, 1936; Mukherjee, 
Mitra and Mukherjee, 1937 ; Mitra, 1940 ; Mitra, 
Mukherjee and Bagchi, 1940; Mukherjee and 
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Table I 


Lab. 

No, 

Description 

1 

Calcium 
carbonate 
(per cent) 

f 

pE 

23 

Ganges silt (Rajshahi Barm, 
Bengal) 

3*8 

6*2 

46 

Badegaon ‘ B ’ type, non- 
iateritio ( 0-12 in.), Nira, 
Boona 

5-? 

8*6 

47 

Badegaon ‘ D ’ type, non- 
lateritic ( 0-12 in.), Nira, 
Boona ^ 

6-1 

8*5 

53 

Highland acid soil ( 0-6 in.) 
Latekujan experimental 
station, Assam 

nil 

5*3 

55 

Highland acid soil (0-6 in.). 
Gating, Assam 

nil 

5*0 

10 

Siiri Farm soil, Bengal (0-6 
in.) 

nil 

5*7 

14 

Burdwan Farm soil, Bengal 
( 0-6 in.) 

nt 

,5*8 

20 

Kalyanpur Farm soil, Cawn- 
pur ( 0-6 in.) 

0*54 

7*3 

25A 

Black cotton soil from Satara, 
Bombay ( 0-6 in.) 

2*6 

8*5 


Mitra, 1942]. At the high concentration (normal) 
of the salts used in methods 1 and 2, the high pH 
of the solution and the high degree of buffering 
offered by the acetates, the differences in the 
nature of the cation (i.e. the cation effect) becomes 
negligible. These different factors have been 
considered in greater detail in Part II of the 
paper. 


Table! II 


Lab. 

No. 


Soil 


10 

14 

16 

20 

23 

25 

46 

47 
53 


Suri 

Burdwan 
ILrishnagar 
Kalyanpur 
Raj shah i Ganges silt. 
Black cotton (Satara) 
Badegaon soil ‘ B ’ 
type 

Badegaon soil ‘ D ’ 
type 

Acid soil (Latekujan) 



Acid soil (Gating) 


Base exchange capa- 
city (T) 

j Total 

' exchangeable 

1 bases 

1 , 

><1 

0 

0 . 

II 

> 

pH (glass electrode) 

Carbonate content (m.e.) 

Exchangeable hydrogen 

Schollenberger ’s 
method 

Bar 

ker*s 

Hardy and Lewis 
method 

:g.S'S 

^ © »» 

gW §6 

. 20 ® =3, 

H 

T — S (calculated) 


*00 

P3 

fl 

■f-f 

dw 

II 

m/' ■ 

Ba-f + ad- 
sorbed 

NH 4 -p ad- 
sorbed 

5*6 

5*8 

^ 5*3 

n.d. 

5-0** 

89*0 

• 5*7 

nil 

0*3 

. 

0*6 

0*6 

6*3 

6 * 5 

6*9 

4-3 

4*1** 

63*8 

5*8 

nil 

0*2 

0*8 

2*4 

14*1 

13*2 

13-8 

7*4 

6*9 

53*4 

5*1 

nil 

1*8 

■■ ■ 2 *. 2 ^' 

6*2 

1 1 * & 

11-6 

11*8 

13*9 

13-7** 

100*0 

7*3 

18*0 




14*6 

15*3 

15*1 


14*5 

96*7 

8*7 

126*7 




60*4 

58*9 

54*4 

57*7 

54-8** 

96*0 

8*3 

86*3 


1 , 


49*5 

61*4 

n. d. 


47*0* 

93*1 

8*2 

190*0 



■■■ 

64-4 

65*3 

64*7 


63*8* 

98*3 

8*1 

204*3 


K .. ; -V 

.. 

8*1 

8*3 

8*0 

3*6 

3*7 

45*0 

5*4 

nil ■ 

;„'".4*0':: 

i' 

3-9 


7*5 

8*0 

8-1 

2*6 

2*6 

33*0 

5*3: , 

nil 



5*3 


* Excluding K 


Excluding Na 


1 


I 
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mined Iby methods 6 and 7 shows that the observed 
values are lower than those calcula^ted as T-S 
(Table II). The l^^wer value indicates that all the 
exchangeable hydrogen ions are not probably 
brought into a state of neutralization reactivity 
under the conditions of experiment. The higher 
values determined by the method 3 were not satis- —value of exchangeable^ hydrogen obtained by 
factorily reproducible. Similar observations have ^method 7 is due to the higher concentration of the 
been made by R. Williams himself [1929] with Ba+ + ion and its stronger adsorbabiIity§. 


Total exchangeable bases. The total content of 
exchangeable bases (S) estimated by method 3 is 
in agreement with the sum of the individual ex- 
changeable bases separately determined in the case 
of the two acid soils only. With the other three 
soils containing high percentages of CaCOs, the S 


highly calcareous soils. 

Degree of saturation. V x 100) values 

calculated from the average T and S show that 
soil Nos. 20, 23, 25, 46 and 47 are almost base 
saturated, the major constituent of the exchange- 
able bases being calcium. The calcium saturation 
has been brought about by the free CaCOg present 
in these soils. The soil reaction is alkaline. The 
degree of saturation of the rest of the soils varies 
from 33 to 64 per cent. These latter soils do not 
contain free CaCOa and have acidic reaction. 

pKialues. The pH values of the aqueous 
suspension of the soils determined by the glass 
electrode are given in Table II. The pH of the 
base saturated soils varies from 7*3 to 8*3 and 
that of acid soils from 5* 1 to 5 * 8. 

Table III 

Base binding capacities of H -clays by different 
methods 


In the 

case of th» other five soils the pH on the addition 



I- 

Base binding capacity of 
clay 

Lab. 

No. 

H-elays prepared 
from soils 

Taker’s 




NH 4 + 
adsorbed 

Ba+ + 
adsorbed 

SchoUen- 

berger 

10 

Suri 

37*0* 

37 - 0 * 

. . 

20 

Kalyanpur . 


54* 6* : 


23 

Rajshahi Ganges silt 

48*1 

53*0 

50*4 

46 

Padegaon soil ‘ B ’ 
type 


89*8 

86*0 

47 

Padegaon. soil ‘ D * 
type 

Lateknjan soil 


102*7 

97*0 

53 

42*0 

40*6 

40*5 

65 

Gating soil . 

28*0 

28*5 

26*5 


* Organic matter was removed from them by treatment 
with H 2 O 2 

Exchangeable hydrogen^ Any excess of T over 
S means that the soil absorbing complex has re- 
placeable cations other than those determined, 
viz. Ca, Mg, K and Na. The difference between T 
and S is usually bridged over by assuming the 
presence of hydrogen alone in an exchangeable 
form. Exchangeable hydrogen directly deter- 


of either BaClg or CaCIa, although it diminishes, 
remains above 7-0. 

5. The values for exchangeable Ca and Mg in 
non-calcareous soils (Table IV) determined by 
methods 4, 5 and 2 agree very closely. Exchange- 
able K and Na estimated by method 2 are present 
in minute quantities. 

6. Of the exchangeable bases, calcium consti- 
tutes about 70 to 90 per cent of the base exchange 
capacity of the base saturated soils. It is about 
20 to 50 per cent in the case of the acid soils. 
Magnesium constitutes about 5 to 30 per cent of 
the b. e. c. of the different types of soils used. 
Potassium and sodium contents are 0*5 to 9 per 
cent and 0*8 to 5 per cent, respectively. Ex- 
changeable hydrogen constitutes about 10 to 50 
per cent of the b. e. e. of the acid soils. 

7. Comparison of soils. The Padegaon ‘ B ’ and 
‘ B ’ types and black cotton soils have the highest 
T-value (50 to 65 m. e.) corresponding to their high 
clay contents. They are also base saturated con- 
taining free CaCOg and the contents cf both ex- 
changeable Ca and Mg are high. Soil Nos. 20 and 
23 have comparatively low T-value and are almost 
completely saturated with Ca alone. The rest are 
acid soils which (excepting soil No. 16) have ver}^ 
low T-value. 

Summary and conclusions 

A comparative study has been made of some 
outline methods of determining the base exchange 
capacity, exchangeable bases, etc. of Indian soils 
as also of hydrogen clays isolated from them. 
Several types of soils have been selected for this 
work and the results on ten soils and seven hy- 
drogen clays have been recorded in this paper. 

The values of base exchange capacities (T) of 
soils and clays given by Schollenberger’s and 
Parker’s methods are in good agreement with each 
other. Rice Williams’ method of determining 
8-value is not suitable for soils which contain 
fairly large quantities "of CaCOg. For non-cal- 
careous soils, the contents of exchangeable Ca and 
Mg obtained by both Scliollenberger’s and Hissink- 
Tiulin mehods are in fair agreement. In the case 

§ Tile estiirjation of the exchangeable hydrogen of the 
soil and the factors determining it have been discussed in 
detail in Part II 


STUDIES ON BASE EXCHANGE, I 


n 




I] 

Tabie IV 


Individual exchangeable bases in m.e. per 100 gm. of soil 


Lab. 

No. 

■Soil 

Ca 

Mg 

K : 

■ 

, Na: 

10 

Suri . 

2 • 8 Hissink-Tiulin 

2*8 Schollenberger 

1*9 Schollenberger 

0*3 

n. d. 

14 

Burdwan . , 

3*2 Hissink-Tiulin 

3*3 Schollenberger 

0* 6 Schollenberger 

■0*3 

n. d. 

16 

Krishnagar 

5*6 Hissink-Tiulin 

5*3 Schollenberger 

0*6 Schollenberger 

0*5 

■■ 0*2"/ 

20 

Kalyanpur . 

10*2 Hissink-Tiulin 

10*0 Hissink 

2*7 Schollenberger 

0*8 

n. d. 

' 23' 

Rajshahi Ganges silt . 

11*7 Hissink . . ^ 

11*2 Hissink 

1 

2* 1 Hissink 

0*4 

0*5 

25 

Black cotton (Satara) . 

40* 2 Hissink-Tiulin 

14*3 Hissink-Tiulin 

0*3 ' 

n. d. 

46 

Padegaon ‘ B ’ type 

36*8 Hissink-Tiulin 

9*8 Hissink-Tiulin 

n. d. 

■ 0*4: : 

47 

Padegaon * B ’ type 

47*9 Hissmk.Tiulin 

48*1 Hissink 

14*9 Hissink-Tiulin 

0*9 

n. d. 

53 

Acid soil (Latekiijan) . 

2*0 Hissink-Tiulin 

2*0 Schollenberger 

0 • 7 Hissink-Tiulin 

0*7 Schollenberger 

0*6 

0*4 

55 



Acid soil (Oating) 

1*7 Hissink-Tiulin 

1 * 6 Schollenberger 

Trace Hissink-Tiulin 

Trace Schollenberger 

0*7 

0*2 


of calcareous soils, the exchangeable Ca and Mg 
have to be determined by the Hissinh or Hissink- 
Tiulin methods. Exchangeable hydrogen of acid 
soils determined by either Hardy and Lewis’ 
method or by titration with baryta in presence of 
N-BaCl 2 is much less than the difference T — S. 
The degree of saturation of the soils V ( = ~ X 
100) calculated from the average values of S and T 
range from about 33 to 64 per cent in the case of 
soils which do not contain free CaCOg and have 
acidic reactiorr, to about 100 per cent in the case 
of soils containing free CaCOg. Of the exchange- 
able bases calcium constitutes about 70 to 90 per 
cent of the b. e. c. of the base saturated soils and 
about 20 to 50 per cent in the case of acidic soils. 
Exchangeable K and Na are present in very small 
quantities and the content of Mg is only appreci- 
able (about 30 per cent) in the case of black cotton 
type of soils. Exchangeable hydrogen consitutes 
about 10 to 50 per cent of the b. e. c. of the acid 
soils. 

EEFERENCES 


Mitra, R. R. (1940). On the nature of reactions responsi- 
ble for soil acidity, VII. The electro -chemical pro- 
perties of colloidal solutions of hydrogen clays. Indian 
J, agric» Sci. 10 , 317 

Mukherjee, S. K. and Bagehi, S. N. (1940). 

On the nature of reactions responsible for soil acidity, 
VI. The variability of total neutralisable acid of 
colloidal solutions of hydrogen clays, Indian J. agric. 
Sei. 10, 303 

Mukherjee, T. N., Mitra, R. P. and Mukherjee, S. (1937). 
The characteristic properties of colloidal solutions of 
acidic substances which distinguish them from acids in 
true solution. Trans. Natl. Inst. Sci. India, 1, No. 10, 
227 

— ; (1942). , .On; the nature 

of reactions responsible for soil acidity, TX. ^ The acid 
character of hydrogen clay. Indian J. agric. Sci. 12 

,■■433'' ' ■ "■ ■ 

Parker, E. W. ( 1929). The determination of exchange- 
able hydrogen in soils. J. Amer. Soc. A gron. 21, 1030 

Russell, E. J. (1938). Report on the working of schemes, 
under the Imperial Council of Agricultural Research, 
India 

Schollenberger, C. J. and Dreibelbis, F. R. (1930). Analy- 
tical methods in base exchange investigation in soils- 
Soil Sci. 30, 161 


Hissink, D. J. (1923), Method for estimating absorbed 
bases in soils. Soil Sci. 15 , 269 
Mitra, R. P. (1936). On the nature of reactions responsi- 
ble for soil acidity, V. Titration curves of clay acids. 
Indian J. agric. Sci, 6 , 555 


Tiulin, 1% V. (1927). On the method of determining ex- 
changeable calcium and magnesium in soils containing 
alkaline-earth carbonates. Pedology 1 , 5 
Williams, R. (1929). The determination of exchange- 
able bases in soils. J, agric. Sci. 19, 589 


A STATISTICAL STUDY OF FLOWER PRODUCTION IN COTTON 

By D. N. Nanda and Mohammad Ai-zal, Cotton Research Laboratory, Lyallpur, and V. G. Pansb, 

Institute of Plant Industry, Indore 
(Beceived for publication on 16 July 1943) 

(With four text-figures) 


In the first paper of this series [Afzal and Iyer, 
1934] the growth in height of the main axis of the 
cotton plant was studied statistically and it was 
shown that Blackman’s [1919] law of compound 
interest held good so far as rate of growth in height 
of the cotton plant at Lyallpur was concerned. 
It was also emphasized that Maskell’s [1930] idea 
of presen bing the developmental data of cotton 
in a simple and easily comparable form should 
be followed up by research workers in different 
parts of the World so that ' it may be more easily 
possible to compare the curves from one place 
with the curves from another place, and relate 
the changes to changing intensity of environ- 
mental factors’. With this idea in view the 
daily rate of growth in height was studied and 
it was found that the equation E ^ Ae 
could be fitted to the experimental curves. This 
study has now been carried a step further and an 
attempt has been made to find out a mathematical 
expression for the flowering curves of cotton. 
Although the value of flowering records to the 
plant breeder and the agronomist has been criti- 
cized by one of us [Afzal, 1941], these records are 
useful to the plant physiologist who is trying to 
disentangle the various growth phases of the 
cotton plant and to study the effect of environ- 
ment on these growth phases. 

It must be emphasized here that the rate of 
flowering is, perhaps, more important to the 
plant physiologist than the rate of growth in 
height as flowering immediately precedes boll 
formation. Prescott [1922] was the first to study 
statistically the flowering of cotton in Egypt. He 
used equation {ii) for this purpose. 

{%) Loge — == hat 

■ Ci— ^ , 

Log ^ (K) 

— Jcx {Or-x) 

where a is the total number of flowers produced, 
X is the number of flowers produced up to time 
and K and h are two constants, where K = 
ah Loge = 0*4343 ah, and is the time when 
al2. We have employed equation {ii) and it 
has been shown that the values of K are higher in 
Lyallpur than in Egypt, This may be due either 


to the varieties under experiment or the environ- 
mental conditions obtaining during the years of 
experiment at the two places. 

Bartel and Martin [1938] have also employed the 
same equation in fitting curves to the dry weight 
per stalk and the grain weight per head of two 
varieties of grain sorghum, Dwarf Hegari and 
Double Dwarf YeUow^ Milo, under normal and late 
planting. They have also investigated the effect 
of seed size on the rate of growth of two varieties 
of corn, four of sorghum and one of proso and in 
every case the same logistic equation was found 
to fit the curves. It thus appears that the com- 
pound interest law has a very wide application in 
plant physiology studies. 

' Matbeial ' 

Three varieties of Punjab- American cotton 
({?, hirsutum L.) namely, 4E, 289F and 289F/43 
and one variety of Punjab desi cotton (6?. arhoreum 
var. indica Forma bengalensis, H. & G.) 39 Molli- 
soni, were used for this purpose. It will not be 
out of place here to mention a few salient features 
of these strains. 

4F. This is the oldest commercial variety of 
Punjab- American cottons. It was released by the 
Punjab Department of Agriculture for general 
cultivation in 1914 and has since then been one of 
the most popular varieties. This cotton is medium 
in maturity, giving its first picking in the 4th week 
of October. The fibre is 7/8 in. and is capable of 
spinning on the average 24 highest standard warp 
counts. Flowering records are available for seven 
years. 

289F. This variety was grown on a commercial 
scale for the first time in 1921 in the Lower Bari 
Doab Canal Colony and was very popular in some 
parts of it. The area under this cotton is now 
decreasing. This variety is later than 4F, giving 
its first picking in the second week of November. 
Its fibre length is 1^1^ in. and has been adjudged 
as capable of spinning 44 highest standard warp 
counts. Flowering records are available for seven 
years. 

289FI43. This is a very early maturing variety 
and was released for general cultivation in 1934. 
Due to its early maturing habit and drought resist- 
ance it has found great favour in the parts of Lower 
Bari Doab Canal Colony and south western 




FLOWEB PBOBUO'riON IN COTTON 


79 


p 


f 


n 

districts of the Pimjab, Its fibre length is in. 
and has been adjudged as capable of spinning 40 
highest standard warp counts. Flowering records 
are available for three years. 

S9 Mollisoni, This is the most popular variety 
of Punjab dm cottons in the Central Canal Colony 
districts of the Punjab and occupies about 39 per 
cent of the total area under desi cotton in the 
province. The fibre length of this variety is 
5/8 in. and is capable of spinning 9 highest stand- 
ard warp counts. Flowering records of this cotton 
are available for five years. 

The procedure for recording the daily production 
of flowers was the same as employed in Egypt. 
Before the commencement of flowering 200 A. P. 
(average plants, meaning plants of average size 
and normally spaced) were selected at random 
and the actual number of flowers which opened on 
these plants every day was recorded on special 
cards prepared for the purpose. The casualties 
during the course of the season were carefully 
noted and the average number of flowers produced 
per plant per day (P. P. p. d.) were worked out. 
These data along with the summation data were 
used in the statistical analysis. 

One peculiarity of the Punjab- American cottons 
may here be noted. All flowers produced on these 
varieties up to or about the middle of August 
are shed due to the non-dehiscence of anthers 
[Trought, 1928]. Thus the ‘ effective ’ flowering 
in these varieties starts from the beginning of 


September. No non-dehiscence of anthers occurs 
in 39 Mollisoni and other indigenous cottons. 

Method 

{a) Summation curves. The flowering season 
was divided up into intervals of five days and the 
total number of flowers produced per plant up to 
each interval was plotted. The summation 
curves of all the varieties were of the character- 
istic S-shape. In order to see the goodness of 
fit of the calculated with the observed summation 

curves, the logistic equation Log == K 

was transformed as Y = A -f Bt where 

r = log A = -KL, B = K. 

As all the summation curves were asymmetrical 
it was necessary to fit an equation of the general 
nature, such as 7 = A -f Bt Gt^ + DtK 

Since the independent variable Occurred at 
equal intervals, the regression curves of the third 
degree were fitted to each variety for the different 
years by the method of orthogonal polynomials 
given by Fisher [1936]. The origin was taken on 
the date of first flowering, but in the actual cal- 
culations, the first observation was neglected as 
the number of flowers on the date of origin was 
extremely small. 

The third degree curves were fitted to the data 
and the analysis of the sum of squares contributed 
by the linear, the quadratic and the cubic regres- 
sions was worked out and is given in Table I, 


Table I 


Analysis of sum of squares 


1 

2 

3 

4 

I 5 

6 

7 

8 


10 

Year 

Total 

d.f. 

Total 

S. S. 

Linear 

component 

Q. compo- 
nent 

Cubic 

component 

Residual 

Per cent 
L. C. 

['Per' cent 

1 Q. a 

Per cent 
0. G. 



^ Total i 

Total 

Total 

mw. 











15 

45-1771 

44-1461 

0-8110 

0-0299 

0-1901 

97-72 

1-80 

0-07 


21 

65 •9184 

59-3262 

** 

5*6471 

0-1524 

0-7927 

90-00 

8-57 

0-23 

1928-29 . . 

1 22 

60-7235 

57*7149 

1-3204 

0-6126 

1-0756 

95-05 

2-17 

1-01 . 

1929-30 . 

13 

35 -OSes 

** 

35*3784 

0-0002 

0-1746 

0-4034 

98*39 

0-001 

■■:'''':0:-49': ^ 

1930-31 . 

1 

20 

69-2945 

** 

i 66-4386 

11-4319 

0-2860 

1-1380 

81-46 

16-50 

o>4i':/':' 

1931-32 . 

1 19 

40*6052 

34-6213 

i 

5*4794 

SR* 

0*3061 

0-1984 

85-26 

13-49 

/0-;75;y;'' 

1932-33 . 

t:^' ^.11 

.j.' ■ 

31-4646 

29-9939 

0-5521 

** 

0-7793 

0-1393 

95-33 
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Table 1—contd, 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Year 


Total 

d.f. 

Total 

S. S. 

Linear 

component 

Q. compo * 
nent 

Cubic 

component 

Residual 

Per cent 
L. 0. 

Per cent 
Q. C. 

Per cent 
C. 0. 




Total 

Total 

Total 

4F, 

1926-27 . 


24 

118-5894 

115-4529 

0-0002 

0-3579 

2-7784 

97-36 

0-0002 

0-30 

1927-28 . 


23 

65-6088 

** 

55-4122 

5-1611 

** 

4-6657 

0-4698 

84-46 

7*87 

6-96 

1928-29 . 


22 

63-2408 

60*7436 

2-1158 

0-0088 

0-3726 

96-05 

3 -as 

0-014 

1929-30 . 


14 

46-1944 

** 

44-6832 

0-0314 

0-4129 

1-0669 

96-73 

0-07 

0-89 

1930-31 . 


18 

43-3527 

32-2392 

9-1691 

1-8826 

0-0618 

74-36 

21-15 

.. 4.-34 

1931-32 . 


20 

37-3880 

.36-1480 

0-5053 

0-4413 

0-2928 

96*69 

1-35 

1-.18 ■ 

1932-33 . 


10 

33-8449 

33-3990 

0-1132 

** 

0-2517 

0-0810 

98*68 

0*33 

0-74 

2S9FI43. 

1930-31 . 


17 

47-8601 

** 

45-1559 

sjs* 

2-1244 

0-3711 

I 

0-2087 

94-35 

4*44 

0-78 

1931-32 . 


21 

40-0819 

35-1198 

** 

2-3367 

*He 

2-1723 

0*4231 

87-69 

5-83 

5*42 

1932-33 . 


16 

64-6079 

64-08!I 

** 

0-2286 

0-0619 

0-2362 

99-18 

0-35 

0-096 

^MoUisoni^ 

1928-29t . 


11 

16-4141 

15 -8559 

i 

0-4956 

** 

0-0426 

0*0200 

96-60 

3*02 

0-26' 

1929-30 . 


12 

40-2026 

39-5666 1 

0-1674 

0-4620 

0-0066 

98-42 

0-42 

1*15 

1930-31 . 


16 

48-8633 

48-1078 

0-6353 

0-0191 

0-1011 

98-45 

1-30 

0-039 

1931.32t . 


9 

12-9864 

12-8324 

0-1368 

0-0127 

0-0045 

98-81 1 

1*05 

0-098 

1932-33 . 


14 

48-7757 i 

48-2423 

0-0009 

0-0060 1 

0-5265 

98-91 i 

1 

0-002 

0-012 


I During these two years there were two flushes of flowers but only the flrst which was the main flush has been 
considered. But by leaving out the 2nd flush a further asymmetery was introduced in the summation curves. 


It will be seen from Table I that the percentage 
of sum of squares contributed by the linear re- 
gression was overwhelmingly large and that the 
mean variance due to the linear regres*sion was 
always highly significant, whereas that for quad- 
ratic and cubic was also significant in a large num- 
ber of cases. This was because of the asymmetri- 
cal nature of the actual summation curves in 
comparison to the symmetrical curves obtained 

by the equation Log = K {<—<,). 

CL — X 

Since the method of orthogonal polynomials has 
the advantage of reducing the equation from any 
higher degree to the lower ones, the constants 
of the cubic, quadratic, as well as those of the 
linear ones could be easily obtained for all the 
varieties in the different years. The average 
polynomial curves for each variety were found 


to be significant up to the third degree and for the 
sake of brevity only the cubic equations are given 
in Table IL 

The values of Y as calculated from the linear, 
quadratic and the cubic equations (Table II) as 
well as the observed values were plotted against 
the time interval and by way of illustration the 
graphs for 1930 are given in Fig. 1. It will be 
seen from Fig. 1 that the cubic equation gave the 
best fit in the case of all the three American 
varieties, "while both the quadratic and the cubic 
equations gave a better fit than the linear equation 
in the case of Mollisoni. The trend was similar in 
other years also, which will be dealt with in detail 
later on. 

After having calculated F, the number of flowers 
X at any time t was calculated by the transform- 
ation needed in the equation Y = loa* 

& 05 — X 


flowee pboduction in cotton 
Table II 
Cubic equations 
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1' 

|. 289F , 

w 

1926-27 

Y 

= —2 •223,965 

H- 

0-260,338^ 


0-002,72E2 

4“ 

0- 000,574/2 

1 

(M) 

1927-28 

Y 

= — 3-036,772 

+ 

0-070,324i 


0-000,361^2 

4- 

0-000,420«= 

f ■ ■ ■ ■■ ' ' ' ■' 

{Hi) 

1928-29 

Y 

- — 2-739,243 


0-151,149^ 

+ 

0-031,447152 


0-000,714/® 

1 ' ' • . ■■ '■ ' . '• 

(iv) 

1929-30 

Y 

960,136 

+ 

0-702,187^ 


0-049,969^2 

4- 

0-002,233/» 


(-r) 

1930-31 

Y 

= — 2-538,557 


0-024,527^ 

4- 

0-000,214^2 

4* 

0-000,678«=' 


{vi) 

1931-32 

Y 

= —.2-373,837 

+ 

0-082,995^5 


0-008,573«2 

4" 

0*000,833/® 


[mi) 

1932-33 

Y 

= ^4-381,010 

-r 

1- 587,700^5 

— , 

0-180,278152 

4” 

0-008,202/2 

^ i: ' 4F . 

(*) 

1926-27 

Y 

= -—4-157,060 

+ 

0-130,067^ 

4- 

0-015,923/2 


0-000,410i:» 

1 „ 

(ii) 

1927-28 

Y 

= 44 1,440 

-f 

0-595,048^ 


0-052,526/2 

4- 

0- 001, 690/2 

r . , ' ■ . . 

{Hi) 

1928-20 

Y 

== —-2-344,066 

1 

- T" 

0-089,859^ 

4- 

0-004,633/2 

4- 

0-000,086e3 


(iv) 

1929-30 

Y 

== —3 -875,283 


0-781, 191J5 

— 

0-061,682/2 

4- 

0-002,685«» 


(v) 

1930-31 

Y 

= —2-274,375 

+ 

0-327,454^ 


0-048,282/2 

+ 

0-002,476/' 

1'' ' 

(vi) 

1931-32 

Y 

== —-2-859,312 

4- 

0-362,50n 

— 

0-023,040/2 

4- 

0-000,842/2 

j 

{vH) 

1932-33 

Y 

= —3-793,054 

4" 

1-264,579^ 

— 

0-126,378/2 

4- 

0-006,383/2 

I mJB’143' 

ki) 

1930-31 

Y 

= —2-723,779 

J- 

0-329,255q 

— 

0-023,625/2 

4™ 

0-00I,332i! 

! 

(ii) 

1931-32 

Y 

= — 2-520,275 


0-504,729^ 

— 

0-045,603/2 

+ 

0-001,585«'’ 


{Hi) 

1932-33 

Y 

= -4-355,070 

4- 

0 -627,26815 


0-023,413/2 

4- 

o-ooo,06e;“ 

j M'olUsoni 

(i) 

1928-29 

Y 

= —2-952,286 

+ 

0 -785,74115 

■_ 

0-056,652/2 

+ 

0- 001,01 7i!“ 

"tv,,, , 

(ii) 

1929-30 

Y 

=: —3-278,704 

+ 

0-916, 158^ 


0-090,333/2 

4- 

0-004,737«3 


{Hi) 

1930-31 

Y 

= -^2-544,269 

4- 

0-254,428^ 


0-000,937/2 

+ 

0-000,370«“ 

i 

(iv) 

1931-32 

Y 

= —.2-907,296 

+ 

0-725,994^ 

— 

0-049,607/2 

4" 

0-002,03H: 


(v) 

1932-33 

Y 

= —2-586,976 

4- 

0-568,367^ 

— . 

0-023,865/2 

4- 

0- 001,0141’ 


The values of aj as calculated from the values of 
r, derived from the linear, quadratic and the 
cubic equations with the help of the above 
equation were plotted along with the observed 
values » The curves for 1930 only are given in 
Fig. 2. It will be seen that the observed and the 
calculated values of x have a similar trend and that 
the cubic regression usually gave a much closer fit 
than both the linear and the quadratic regressions. 

(6) Average polynomial curves. After having 
fitted the regression equations for the individual 
years, it is now possible to calculate an average 
polynomial curve for each variety. Thus the 
variations due to environmental conditions from 
year to year will be eliminated and the normal 
average rate of flower production in each variety 
can be found out. It will also then be possible to 
compare the different varieties between themselves: 

In order to find the trend of the average poly- 
nomial curve, the sum of squares for the average 
linear, quadratic and cubic regressions as wel] 
as those due to the heterogeneity of the seasonal 
curves from the average regressions w^ere cal- 
culated. The following method was employed 
for this purpose. 


If the polynomials for r seasons be represented 


as : 

I I = Ui ~j~ b jX -f- CiX^ ~7" "p ” 

Y 2 ~~ 02 + b2X + -f ^2 ^ ” 


Yj. Oj. r br X -\-Cr:X- + X^* — " 


and the number of observations for the s(^asons b(‘ 

A] , N2, .^^8 .............. A,. , tlie above 

equations can be transformed as sugg(\sted by 


Tippett [1937] : 

Yj ^A, -\ B, 1\ -f(7, T, +A T, 

7 , 2 -- B2 Ti +1:^2 To +D2 n - 1 - . Po T 


7, -A, + Br Tj +Cr T 2 +Dr T, + + Pr T. 


The average polynomial of the nth degree would 
be given by : 


j 


ft 

liil 



THE INDIAN JODBNAL OE AGMCDLTDRAL SCIENCE 


MoLUSoNl 

1930 


•St-cutfvvJL «■ « 

.. ^ , If 


Fio, 1. Orthogonal polynomial curves and the actual values of *y’ for 1930 

Y==A+BTx +CT 2 H-DTs + +PTn A test of significance for the heterogeneity of 

Si{SY) y regression curves can be made in a manner 

where A = ; B = — ^ ^ ^ / similar to that for the linear regression. For any 

YiN mdividual curve, the sum of squai’es for any 

1 (12) regresssion coefficient can be easily computed as 

S ^ (2 y T 2 ) indicated below : 

' ' «• N(N2— l)(H^-4) p N{m-1)') 

■^1 180 S. S. for linear regression (E)—& -{ 2 Y 

^nd similarly the other coefficient can be calculated. • I 7,2 f 



Fig. 2. Values of ‘a?’ obtained from the polynomials and the actual data for 1930 


vS. S. for quadratic regression (C) 
f N(N^-l) {N^-4)-] 

^02 J E > ,etc. 

180 J 

each corresponding to one degree of freedom. 
Thus for r seasons the total sum of squares for any 


regression coefficient will have r degrees of freedom 
out of which one will represent the sum of squares 
corresponding to the average curve and the re- 
maining (f — 1) represent the deviations from the 
average curve. These may be tested against the 
residual sum of squares obtained by adding the 
residuals for the individual years. 
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The so transformed average curve can be con- 
verted into a polynomial in t in the same manner 
as was done for the seasonal curves. One fact 
that needs illustration is that the value of N was 

taken as the average of N i, * * • * • Nr and 

in case it did not come out to be a whole number, 
a suitable change was made in the number of 
observations*. 

The sum of squares of the average regression 
curves and the deviations are given in Table III. 

It will be seen from Table III that the linear, 
quadratic and the cubic regressions as well as the 
heterogeneity betw^een these regressions was signi- 
ficant except the average quadratic regression in 
39 Mollisoni and the heterogeneity in the cubic 
regression in the case of 289F and 289F/43. The 
significance of the deviations of the yearly curves 
from the average curve indicates that the seasonal 
factors affect the rate of flower production of cotton 
at Lyallpur in a very large measure. 

Looking at the mean squares, it is found that the 
linear component in all cases was overwhelmingly 
large as compared to the quadratic and cubic 
components, but as the cubic component was also 
significant, it may, therefore, be deduced that the 
average polynomial curve of the third degree would 
represent the normal rate of flower production of 
cottons at Lyallpur. The sum of squares due to 
the deviations from the average regression curves 
was comparatively less in 39 Mollisoni than in the 
American varieties. The yearly as well as the 
average polynomial curves for all the varieties are 
given in Fig. 3. The curves for 39 MoUisoni 
again indicate a very close similarity. 

The third degree equations for all the varieties 
are given below : 

289F Y = —2*521,570 + 0-067,118# 

4 - 0 - 006 , 383#2 ^ 0 . 000 , 271#3 

4JP y = —2-778,472 + 0-389,980# 

— 0-027, 300#2 + 0*001,174#3 

289FI43 Y = —2-977,650 4- 0-470,095# 

— 0-035, 222#2 -{- 0- 001,435#* 

39 Mollisoni Y = — ‘2*631,531 -}- 0*533,466# 

— 0*027,951#* 4- 0-001,409#* 


* The average polynomial can also be converted by 
employing the following formulae : 

^2 


IZh S («)*] 


Sl[S(M)2] pti 

where — s-nd — 

2:i[SN)2] 

where Q'l^d jX 4 aie the second and the fouHh 
moments of t. 

The equation for 289F/43 was checked by this method 
and it worked out as follows : 

Y = -2-969,744 + 0-471,352#— 0-035,751#* 4- 0*001, 
435f* which agrees very well with the equation obtained 
by the previous method. 


[Xit 

Relative bate of flower peoductiob 

The relative rate of flower production can be 
ascertained by differentiating the equation 
T = A + Bt 4 - 0^2 1)^3 with respect to the 

independent variable 1 

^ =j3^2CT+SDt^ ; but r==log 


a-x 


dy dx 


Therefore ^ = 
dt 

dx 

dt ~ 


®i2Sio ^ {B+2Ct+3Dt^) 

x{a-x) 


{B+2Cf+SDt^) 
a log 


x{a-x) 


Thus the deduced equation is comparable to 
equation (in). From the analogy with the com- 
pound interest law, k in equation {in) may 
be looked upon as the true or absolute rate of 
flower production corresponding to the rate of 
interest. The actual rate at any time depends 
upon k as well as the number of flowers already 
produced up to any particular time. The constant 
K — ak log 10 ^ j which contains the element a, 
probably characteristic of a variety may" then be 
called the absolute rate of flower production for 
the variety. 

On comparing the new equations for the rate 
of flower production with equation {Hi), we find jS" 


comparable to — and so K can 
alogio^ 

easily be compared with {B+2Ct+3Dt^), 
Here it may be mentioned that Prescott [1922] 
found that the relative rate of flower production, 
K, was constant for a variety over a season, but 
we have found that the relative rate of flower 
production was a function of time, witness the 
significant deviations from the linear regression. 
The equations for the relative rate of flower pro- 
duction from the average curves are given below : 


289F 


4F 


dt 

dy 

dt 

dy 


= 0 • 067,118+0 • 012,676f + 0 • 000,813« “ 


289F143 ^ =0-470,096— 0-070, 4444+0-004,306«“ 

39 MoUisoni =0- 533,466— 0-065,902«+0-004,227i“ 

at 

The average relative rates of flower production 
over the whole season calculated from the yearly 
equations of all the varieties are given in Table IV. 

It will be seen from Table IV that the relative 
rate of flower production was higher in the case of 
indigenous variety (39 Mollisoni) as compared to 
the American varieties, which did not vary very 
much amongst themselves. 
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Table IV 


Average relative rate of flower production 


Variety 

1926-27 

1927-28 

1928-29 

1929-30 

1 1930-31 

1931-32 ' 

1932-33 : 

289F . . 

0*0721 

0*0518 

0*0478 

0*0789 

0*054i 

0-0466 

0*0916 

4F 

0*0696 

0*0439 

0*0490 

0*0799 : 

0*0476 

0*0433 

0*1102 

289F/43 . 


.. 



0*0611 

0*0399 

0*0793 

Mollisoni . 



0*0666 

0*0933 

0*0687 

1 

0*0789 

0*0830 


of growtli in liefeht and flower production between 
varieties (n == 2) was r = 0 • 9745 which was 
significant at 5 per cent level. This indicates that 
if in any particular variety X under experiment 
in any particular year, the rate of growth in height 
was higher than in any other variety T in the . 
same year, the rate of flower production will also 
be higher in X as compared to Y. 

It will be well to speculate on this phenomenon 
in terms of genes. It can be argued that the genes 
responsible for the vegetative growth as well as 
those for the flower production attended by their 
plus and minus modifiers are not assorted inde- 
pendently of one another but are closely linked and 
can therefore be considered to be located on the 
same chromosome in close proximity to one another. 

A comparison of the rate of growth in height and 
flower production for any one variety in different 
seasons, however, showed that the high rate of 
growth in height depressed the rate . of flower 
production. The values of the average efficiency 
indices (6) for height and the relative rate of flower 
production (K) are plotted for each variety in 
Kg. 4. 

It will be seen from Fig. 4 that the peaks for 
the two rates always stand face to face and there- 
fore it can be said that in any one year when the 
rate of growth in height was higher, the rate of 
flower production was expected to be low. The 
correlations worked out between these two co- 
efficients within the American varieties and for 
Mollisoni were : 

rAm = — 0*3011 IS 

rM — — 0’6418 n= 3 

Although both these correlations were non- 
significant, the negative trend is patent and the 
two rates of growth herein dealt with were pro- 
bably opposed to one another. The high rate of 
vegetative growth meant a low rate of reproductive 
growth. This phenomenon is within the experi- 
ence of the cultivator in the Punjab and in any one 
year when the cotton crop makes luxuriant vege- 
tative growth, the yield is decreased. 

Since it has already been shown that the genes 
responsible for vegetative growth and flower 


production lie close to one another on the same 
chromosome, the negative trend of the correlation 
between growth in height and flower production 
in any particular year may be ascribed to the 
differential effect of the environmental conditions 
on the behaviour in two genes. Conditions which 
allow full play to the effect of genes for vegetative 
growth partially inhibit the full manifestation of 
the effect of the genes for flower production. 

Summary 

An attempt has been made to find out a mathe- 
matical expression for the flowering curves of four 
varieties of cotton grown at Lyallpur. It was 
found that the logistic equation of the third 

degree, viz. Log ^ + Ot^ 

gave the best fit for the rate of flower production. 
The average trend of flower production for a large 
number of years was also found to be significant 
to the third degree. The relative rate of flower 
production was found to be a function of time, 
although Prescott [1922] working on Egyptian 
cotton found it to be constant. 

The relative rate of flower production was high 
for the indigenous variety, 39 Mollisoni, than for 
all the acclimatized Punjab- American varieties. 

A comparison of the relative rate of growth in 
height and flower production showed that when- 
ever the rate of growth was higher in any parti- 
cular variety than in another in any one year, 
the rate of flower production was also higher in 
the former. In one variety, however, if the rate 
of growdh was higher in any one year, the rate of 
flower production was low. 
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Fig. 4* The relation between the relative rates of growth in height and of flower production 
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STUDIES IN THE PRESERVATION OE FRUIT JUICES 

III. PREPARATION AND PRESERVATION OF TOMATO JUICE* 
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Ph.D. (Lond.), D. I. C., Biochemist, Punjab Agricultural College, Lyallpur 
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Tomato juice, a product of comparatively 
recent origin, was first introduced in the Ame- 
rican market in 1929, and to-day it is by far 
the most popular juice. In 1929, only 165 thou- 
sand cases (case of 24 No. 2 cans) were produced, 
whereas due to the expanding consumers’ demand 
the pack rose to nearly 9 million cases in 1936 
[Anon, 1936]. Tomato juice like grapefruit juice 
[Joslyn and Marsh, 1937] was first produced as a 
means of utilizing the waste from the tomato 
canning factories in America but at present, how- 
ever, most of it is made frotn whole fruits. 

In the Punjab, tdmatoes are especially prolific 
in the months of April, May and June and are also 
available in winter months if protected from frost. 
In summer months they can be purchased at 
extremely low prices of a rupee or so per maund of 
82 lb. (pre-war) and it was realized that such cheap 
fruit could be very profitably utilized for the prepa- 
ration of tomato juice. 

Various methods for the manufacture of tomato 
juice as practised in Western countries are dis- 
cussed by Sanborn [1938], Cruess [1938, 3], Tressler 
[1938], Pearce & Ruyle [1938], Anonymous ”[1931 ; 
1939], Joslyn [1937], Kohman [1931 ; 1934], and 
Joslyn and Marsh [1937]. The effect of different 
methods of preparation on the quality of the pro- 
duct are also described. The equipment employed 
is usually of automatic nature and is meant for 
mass production and is very expensive. In the 
ensuing investigation, however, an effort has been 
made to employ simpler type of equipment for 
production on ‘ home ’ as well as semi- commercial 
scale. Treatment of tomatoes prior to juice 
extraction, preservation of juice by different 
methods, changes in theq uality of the product 
after about two years’ storage at room temperature, 
cost of production, etc. are discussed. As a conse- 
quence of a study of these factors, a method for the 
preparation and preservation of the juice has been 
described. 

PvAW MATERIAL 

In the absence of any standard varieties of 
tomatoes, two types of tomatoes locally known as 

’^Parts I and II of this paper have appeared as Misc. 
Bull. Nos. 32 and 39 of the Imperial Council of Agricultu- 
ral Research 


desi and Pesliamari were used. The fruit of desi 
variety was medium large having a rather irregular 
outline and of flattened shape usually with cor- 
rugations near the stalk end. On the average 4 to 
6 fruits weighed to a lb. The fruit of Peshawari va- 
riety was pear-shaped and was rather small in size 
weighing on the average 12 to 14 fruits to a pound. 
Fully mature fruit of deep red colour was used in 
the experiments described in the sequel and it was 
found, as stated by Joslyn and Marsh [1937], that 
small red fruits {Peshawari variety) gave relative- 
ly a product of better quality than the large-sized 
fruit {desi variety). 

EXPERIMEIS'TAL 

In order to see the composition of tomato juice 
(packed in tin and glass containers) available in the 
market, five samples of the product manufactured 
by different firms, local and foreign, were analysed 
for their specific gravity, percentage of soluble 
solids, sodium chloride and total acidity (as malic 
acid) . The data thus collected are given in Table I , 
Composition of these samples was kept as a basis 
for the preparation of experimental lots of tomato 
juice. In the product finaUy standardized, the 
total solids and sodium chloride content which are 
the main ingredients concerned with the ' body ’, 
taste and flavour of the juice, were controlled at a 
figure of 0* 0 and 1 • 0 per cent respectively. 

Table I 


Analysis of various hrands of tomato juice as oUainr 
able in the local marhet 


Brand of tomato 
Juice 

Sp 

gravity 
of Juice 
at 68°E. 

1 

gravity 
of filtrate: 
i at 68®E. 

Per cent 
solids 
■ in 
Juice 

Salt as 

1 sodium 
i chloride 
in 100 
: ■ c.c. 
Juice 

Total 
acid as 
malic 
in. 

100 c. c. 
Juice 

L Well-Lnown brand 

o 

o 

1 1-022 

5-66 

I'., 0*89' 

'U'-OS' 

(Foreign mamifae- 
ture) 19.36 

2, Ditto 193S 

1 

1-0240 ' 

1-022 

5*66 

0-79 

0-36 

3. Ditto . . 1 

1-0334 

1-031 

7-99 

0-84 

0-49 

4. Ditto . . 1 

1-02.50 1 

1-023 

5*91 

00 

6 

0*38 

5. Local manufaetiire 

1-0387 : 

1-036 

1' 9-27'.' 

■ 1-742; 

0*59 

■' ' ! 

6. Ditto . . 1 

■4 

1-0292 

1-027 I 

6-05 

i-iii ! 

0-56 
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Peepabation of juice 

Tomato juice being a product of recent origin, 
BO recognized standard method for its manufac- 
ture has so far been adopted. In Western 
countries, the method of manufacture varies from 
plant to plant [Joslyn and Marsh, 1937]. 

The method of manufacture of tomato juice 
essentially consists of : 

1. Washing and sorting of fruit 

2. Trimming of fruit 

3. Pre-treatment of fruit prior to juice ex- 

traction 

4. Extraction of juice 

5. Packing and processing 

Pre-treatment of fruit prior to juice extraction, 

methods of extraction of juice and its proper pre- 
servation are of prime importance and it is in the 
manipulation of these processes that opinions 
diifer as to what methods yield the best juice. 

1. Washing and sorting of fruit 

Greatest possible care should be taken in washing 
the fruit thoroughly to remove dirt and other ex- 
traneous njatter. 

In experimental lots prepared in these labora- 
tories to standardize the product, tomatoes were 
first soaked in a cement tank in running cold water 
and finally washed with strong sprays of water. 
The washed fruit was then sorted, over-ripe and 
under-ripe fruits were discarded as these yield a 
juice of poor flavour and colour [Cruess, 1938, 3]. 

Different types of washing equipment for large- 
scale production have been described by Joslyn 
and Marsh [1937] and Tressler et al. [1939]. 

2. Trimming of fruit 

The fruit after washing and sorting should be 
carefully trimmed to remove stain, rotten and 
green or yellow portions, as the inclusion of these 
adversely affects the quality of the product. 

3. Pre-treatment of fruit prior to juice extraction 

In these laboratories, tomatoes prior to juice 
extraction, were subjected to the following treat- 
ments : 

(1) Whole tomatoes (after washing and trimm- 
ing) were blanched in boiling water for 3-5 min. and 
(2) tomatoes were ‘ broken ’ or crushed as suggested 
by Lai Singh and Girdhari Lai [1940] — this briefly 
consisted of passing the trimmed tomatoes in a 
grape crusher. The crushed tomatoes were then 
boiled for 3-5 min. In both the treatments heat- 
ing was done in a steam jacketed kettle [Lai Singh 
and Girdhari Lai, 1940]. Pre-heating of tomatoes 
almost completely extracted the colouring matter 
from the skin and at the same time rendered the 
fruit soft, thus facilitating the extraction of juice 


Pesults of a typical experiment carried out to 
test the efficiency of these two methods of pre- 
heating the juice in the case of desi and Peshawari 
varieties of tomatoes are given in Table II. It will 
be seen from this table that comparatively higher 
yields of juice were obtained in the case of chop- 
ped or crushed tomatoes, viz. 64*4 per cent {desi 
variety) and 70*0 per cent {Peshawari variety) as 
against 53*0 per cent and 65 -0 per cent obtained 
when tomatoes were blanched as wholes. 

Table II 


Results of pre-treatment of tomatoes prior to 
juice extraction 



Best tomatoes 

Peshawari tomatoes 

Treatment 

Yield 

of 

Juice 

per 

cent 

Sp.gr. 

of 

filtrate 

Per 

cent 

solids 

in 

juice 

Yield 

of 

Juice 

per 

cent 

Sp. gr. 
of 

filtrate 

Per 

cent 

solids 

in 

Juice 

1. Whole tomatoes 
blanched in boi- 
ling water for 
about 3-5 min. 
before extraction 

53*0 

1*0205 

5*27 

65-0 

1*0228 

5*85 

2. Tomatoes crush- 
ed in cold and 
boiled for 3-5 
min. before ex- 
traction 

64-4 

1*0240 

6*16 

70*0 

1*049 

6*16 


Blanching of whole tomatoes which would 
naturally include some trimmed or cut tomatoes, 
therefore, suffered from an obvious disadvantage 
in so far as some juicy portion of the fruit from the 
cut surface diffused into the blanching vessel, 
resulting in loss of some juice as indicated in the 
experiment mentioned above. This loss can be 
considerably avoided if whole tomatoes after 
trimming are scalded in steam. 

Cut-out examination of the two sets of juice 
prej)ared under treatments (1) & (2) in Table II, 
carried out during a storage period of about two 
years, revealed that the tomatoes crushed and 
boiled for 3-5 min. yielded a much sujperior pro- 
duct in respect of ^ body flavour and taste to that 
obtained by blanching the whole tomatoes. 

In regard to the effect of pre-treatment of 
crushed tomatoes prior to juice extraction on its 
vitamin content and viscosity, various workers in 
the tomato juice line like Tressler et al, [1939], 
Sanborn [1938], Tressler [1938], Joslyn [1937] and 
Cruess [1938, 1], have put forth their views from 
time to time. Recommendations made by these 
workers clearly indicate the usefulness of pre- 
heating the crushed tomatoes before juice extrac- 
tion, although diversity of opinion exists as to 
whether the fresh tomatoes should be scalded or 
blanched as wholes or as pieces. 




STUDIES IN THE PEESEBVATION ^ OF FRUIT JUICES III 


4* Juice extraction 

None of the extractors like the ' Indiana Juice 
Machine ’ [Tressler, 1938] and the I non-aerating 
juice extractor ’ [Anonymous, 1939] normally used 
for the extraction of toMato juice were available 
during the course of this investigtion. Conse- 
quently the best use had to be made of the equip- 
ment available. During the preliminary stages of 
this work, the tomatoes under two treatments 
(Table II) were screened through galvanized iron 
sieve (1 mm. mesh) covered with a thin muslin 
cloth [Lai Singh and Girdhari Lai, 1940]. Ordi- 
narily to avoid metallic contamination, non- 
corrodible metal screens like those of monel metal, 
stainless steel, etc. should be used, but due to the 
non-availability of these, the use of galvanized 
iron sieves could not be avoided — ^this, however, 
did not materially affect the quality of the product 
during storage. 

In the final stages of standardizing this product, 
however, modern ' fruit pulping machine ’ [Lai 
Singh, Girdhar Lai & Ishaq, 1943] was available for 
extracting the juice. This machine is entirely 
made of stainless steel and has been found to be 
very efficient for the extraction of juice from pre- 
heated tomatoes. The juice extracted by the 
pulping machine has been found to yield a product 
of an excellent quality. This machine is now being 
used very satisfactorily for semi- commercial pro- 
duction and is capable of extracting juice from 
about 40 maunds tomatoes, per eight hour work- 
ing day. 

5. PacJcing and processing of tomato juice 

Juice passing through the pulping machine was 
immediately raised to boiling point in steam- 
jacketed kettles. At this stage a quick test was 
made for determining the total solids content 
[Cruess and Christie, 1922], which was found to 
be near about 6*0 per cent in the typical large- 
scale experiment (Table II). 

Sodium chloride content was maintained at 1*0 
per cent level by adding common salt just after 
heating the juice prior to filling. A few prelimina- 
ry experiments on the preparation of tomato 
juice on a small scale indicated that addition of 
about one per cent cane sugar in combinatioi with 
common salt considerably enhanced the flavour 
and taste of the juice. Crystalline cane sugar at 
the above rate (i.e. 1*0 per cent) was added. It 
was then filled at a temperature of 180°- 190° F. in 
A2 size cans as well as 24 oz. capacity crown top 
bottles, the two types of containers being sealed 
in the usual manner and processed as follows : 

A2 cans — 25 min. at 212° F. 

24 oz. bottles — 35 min, at 212° F. 

The containers were then immediately cooled in 
running water. 




The juice pasteurized and packed in the above 
maimer remained in sound condition even after a 
storage of about one and a half years, but had one 
obvious disadvantage that it spoiled within a few 
hours after opening of the containers as would 
naturally be the case in any pasteurized sub-acid 
and unsweetened fruit or vegetable Juice, To 
overcome this difficulty, further experiments were 
conducted in June 1941. In these experiments 
chemical preservation by sodium benzoate (in 
doses of 0*02, 0*05 and 0*1 per cent) in combina- 
tion with pasteurization was tried, to test whether 
the keeping quality of tomato juice, after opening 
the containers, could be improved. This trial indi- 
cated that juice preserved chemically by 0* 02 and 
0*05 per cent sodium benzoate and then pasteu- 
rized, had normal taste and that the juice after 
opening the containers remained in good sound 
condition for over two months in the laboratory. 

There is considerable difference of opinion con- 
cerning the methods of packing and processing of 
tomato juice amongst workers in foreign countries. 
In this connection interesting observations have 
been made by workers s like Cameron [1936^ 1], 
Tressler [1938], Pearce and Ruyle [1938], Tressle’’ 
et al. [1939]. They have also outlined different 
types of pacldng and processing equipment for 
large-scale production. 

Colour changes in the juice 

During the processing and storage of tomato 
products, the browning of their typical bright red 
colour is not an uncommon observation. No one 
has yet satisfactorily explained the causes of this 
browning, although several possibilities have been 
put forth by Matlack and Sando [1933]. 

Literature on the comparative reaction of glass 
and tin containers on the red colour of tomato 
products is scanty. In a preliminary experiment 
conducted in these laboratories in 1937, in which 
juice from one lot was packed separately in ordi- 
nary white glass crown-corked bottles, and in plain 
and lacquered cans, the following observations 
were made during a storage period of 1| year at 
room temperature. 

1. The light red colour of the juice in glass bottles 
was stable for six to eight months and then 
gradually changed to deep brown, the intensity 
of brown colour varying considerably in indivi- 
dual bottles. 

2. The juice in tin containers retained its normal 
bright-red colour during the entire storage period, 
but acquired a slightly tinny flavour and taste 
which was not unpleasant. In lacquered cans, 
however, it became bitter and the lacquer of the can 
though intact, was almost completely separated 
from the tin plate and came off even with a slight 
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touch after the can had been emptied of its con- 
tents., . 

These adverse colour changes in the juice packed 
in glass may be attributed to, (1) the composition 
of glass, i.e. its alkaline nature due to the presence 
of calcium and sodium silicates (as it was observed 
that addition of even a trace of a week alkaline 
solution to the freshly prepared tomato juice 
turned its colour brown) , (2) the effect of light, and 
(3) the effect of air present in the head-space in the 
bottle. 

Further critical study of these colour changes 
was made in 1939. In these experiments, juice 
was packed in five different types of bottles of 
different makes and also in plain tin cans. The 
glass of each type of bottles was presumed to have 
different chemical composition. In each of the 
bottled lots, a few bottles were also covered with 
black wrappers to cut off the action of light. 

Examination of the above sets during one year’s 
storage showed that : 

(1) Irrespective of the type of the glass of the 
bottles of different makes, the juice in some became 
gradually brown, whereas in others, the change of 
colour from bright red to brown was not so marked. 

(2) Cutting off light had no effect on the colour 
of juice. 

(3) Canned tomato juice retained its normal 
bright red colour to a marked degree. 

From the above, it would seem, therefore, that 
the colour changes in the bottled and canned to- 
mato juice are probably controlled by the amount 
of oxygen incorporated in the juice during the 
process of manufacture. In the case of canned 
product, oxygen is rapidly fixed by the tin plate 
[Joslyn and Marsh, 1937], thus resulting in the 
least change in the colour of the canned juice, 
whereas in the bottled juice it seemed that varying 
amounts of oxygen in the air (perhaps incorporated 
while packing) in the juice affected corresponding 
change from bright-red to dark brown, as in this 
case, oxygen is free to oxidize the colour and is not 
fixed by glass as in the case of tin can. 

Carotene and ascorbic acid content 

With the equipment available in these labora- 
tories, an attempt was made to determine the loss 
of carotene and ascorbic acid during different 
stages of the manufacture of tomato juice (Table 
III). Tomatoes while passing through five differ- 
ent stages of manufacture, viz. crushing, boiling, 
sieving, (to remove seeds and skin), heating and 
finally pasteurizing, were sampled at each stage on 
four different days for the deteimination of caro- 
tene and ascorbic acid content. Carotene was 
determined colorimeti;icalIy in a Lovibond tinto- 
meter employing Steenbock and BoutwelFs [1920] 
method for extraction of carotene, and vitamin C 
was determined by 2 : 6 diehlorophenol-indophenol 
by the method of Birch Harris and Ray [1933]|. 


Table III 


Loss of carotene mid ascorbic acid in tomato juice 


Sample 

31 May 
1939 

2 June 
1939 

3 June 
1939 

1 6 June 
1939 

Carotene content in mg. per ligm, (1,000 gm.) of tomato Juice 

I. Crushed . , . 

182-4 

180-0 

211-2 

1 228-0 

II. Boiled .... 

139-2 

110-4 

141-6 

153-6 

III. Sieved 

136*8 

105-6 

134-4 

151-2 

IV. Heated 

134-4 

105-6 

134-4 

' ■.,151-2 

V. Pasteurized . . 

134-4 

108-0 

132-0 

153-6 

Vitamin C mg. ascorbic acid/iOO gm. of juice 


I. Crushed . . . 

13-85 

15-02 

16-76 


II. Boiled . . . 

12-41 

13*46 

12*82, 


III. Sieved 

5-27 

4-56 

4-93 


IV. Heated 

' 2 ; 68 

3-11 

3-61 

! ' ' ' 

V. Pasteurized . 

3-78 

5-01 

4*82 


VI. A well-known foreign 
brand 



3-72 

J 



It is seen from Table III that carotene is fairh^ 
stable to the action of heat and oxidation by air 
during the various stages of manufacture, wl^ereas 
a considerable loss of vitamin C occurs, particularly 
when the juice is screened through sieve— a process 
which takes a long time and is responsilile for 
incorporation of a fair amount of air in the product, 
resulting in the oxidatiop of ascorbic acid. These 
observations are in agreement with those recorded 
by workers like Sanborn [1938], Kohman [1937, 
1931], Cruess [1938 ; 1, 2], Joslyn and Marsh [1937], 
Kohman et al [1930, 1933], ami Feileip and Buck 
[1941] who have shown that in tomato juice oxida- 
tion by air is chiefly responsible for losses in colour, 
flavour and vitamins B and C — ^while vitamin A is 
fairly stable under usual process conditions but is 
removed by filtration. 

An interesting phenomenon was observed in the 
last and the final stage ’of mCnufacture, i.e, 
pasteurization. In the pasteurized juice a com- 
paratively higher ascorbic acid content was present 
than in the same juice at a previous stage of manu- 
facture, i.e., heating prior to filling and pasteuriz- 
ing. This may be due to the partial reversion of 
oxidized ascorbic acid to its active form when the 
juice was subjected to final heating in a closed con- 
tainer. It will be interesting to note that Mack 
[1936] observed apparent increase by heating 
samples of plant tissues before and after ex- 
traction in an aqueous medium due to the inactiva- 
tion of enzytne (ascorbase). Mack and Tressler 
[1937] explained the apparent increase of ascorbic 
acid after heating the plant tissues to the formation, 
of physiologically inactive degradation products of 
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a reducing nature due to the decomposition of 
dehydro-ascorbic acid. Eeedman and Mac Henry 
[1938] observed a similar mcrease on beating some 
vegetables, but found that the ascorbic acid libera- 
ted from the C protein complex ’ was physiologi- 
cally^ active and reduced the indicator. 

From the above observations it would appear 
that unless special equipment is used to prevent 
the incorporation of air during the entire manufac- 
turing process, a considerable loss in vitamin-C 
content of tomato juice would take place, whereas 
vitamin A with ordinary equipment would remain 
fairly .stable. ■ 

General RECOMMEKBATioNS 

During all stages of handling, from the extrac- 
tion to the final packaging, the juice should be 
protected from contamination with metals, such 
as zinc, lead, copper, iron, etc. as salts of these 
metals are toxic. Stainless steel, aluminium, 
nickel, glass-lined equipment, nickel-copper alloys 
like monel metal can be safely used. 

As a result of the investigation reported above, 
the following methods for the preparation and pre- 
servation of tomato juice is recommended both 
for home as w'ell as commercial scale. 

Step J. Take fully ripe, red- coloured tomatoes, 
wash thoroughly and trim carefully green and 
rotten portions, if any. 

Step //. (a) Home-scale production. Crush 

the prepared tomatoes with a wooden ladle in a 
non-corrodible vessel. Boil the crushed mass in 
an open aluminium vessel on direct fire for 3-5 
minutes. Strain through a sieve of } mm. mesh 
made of nickel, monel metal or stainless steel. 
It is preferable to cover the metallic sieve by a 
thin muslin cloth. Heat the strained pulp in an 
open aluminium pan on direct fire and just bring 
it to quick boil. Avoid over-heating. Remove 
the pan from the direct fire. 

{]}) Semi- commercial production. Crush the 
sorted and trimmed tomatoes, by passing them 
through a crusher consisting of two revolving 
adjustable grooved wooden rollers placed hori- 
zentally. For removing seeds and skin, pass the 
crushed mass through a pulping or straining 
machine [Lai Singh, et al. 1943], Heat the strained 
juice in a steam- jacketed kettle. Bring it to a 
quick boil, and cut off the steam. 

If the right type of raw material is used, the 
above process yields a product of the right consis- 
tency, but in case slightly over-ripe fruit is used, 
the juice obtained may be too thick, in which case, 
it is diluted with an appropriate amount of water 
(only a very small amount of water is required to 
be added), so that the finished product contains 
about 6 • 0 per cent total solids. 


. Total solids are determined as undcu. Strain 
the juice through a thick cloth and determine tlie 
■specific gravity of the strained .juice at 68^ F. by a 
■' hydrometer. Read' the percentage of total solids, 
in .the pulp' .corresponding, to the .observed specific 
gravity from the. table given in text- books [Cruess, 
1938, 3] on the subject. 

Step 111. To . the heated, juice as obtained 
under [a) and (6), add common salt, and sodium 
. benzoate, -.dissolved in a small quantity of juice ..at 
the rate of one part and 0*02 part by weight, res- 
pectively, per 100 parts of juice. Pour the juice 
while hot in plain tin cans or in sterilized bottles and 
seal them air tight. Place the bottles or cans in a 
vessel having a false bottom, cover with water and 
keep the water boiling for half an hour. Cooking 
tanks of galvanized iron sheet with steam feed are 
available for us© in large-scale production. Cool 
the bottles or cans by slowly displacing hot water 
by running cold water in the cooking tank. This 
will avoid cracking of bottles. Remove the bottles 
and cans and store them in cool and dry place. 

Crown top bottles should bo preferably used for 
bottling tomato juice ; crown cork before use 
should be sterilized in boiling water for a few 
minutes. These instructions if strictly adhered to 
W’ould minimize spoilage known, as ^ flat sour ’ 
giving the product a flat, medicinal flavour which 
is rather difficult to detect and is caused by ther« 
mophilic bacteria. 

Cost of pbobuctiok 

Cost of production as worked out on the basis of 
the data collected from the semi-commercial trials 
conducted over a period of three years, Tiz. 1939- 
1941, is summarized in Table IV. 

Rates of purchase of raw material, bottles, etc, 
showed considerable fluctuations from year to 
year. The above does not include (1) charges on 
account of supervision and depreciation of machi- 
nery, (2) prices at present which have increased 
considerably on account of war would increase the 
cost of production proportionately. 

;. Summary 

A critical study has been made on the following 
aspects of the manufacture of tomato Juice, viz. 
{a) varieties of tomatoes suitable for juice making, 
(6) washing and sorting of fruit, (c) trimming of 
fruit, {d) pre-treatment of fruit prior to juice 
extraction, (e) extraction of juice, (/) packing and 
processing, [g) colour changes in the juice as affect- 
ed by glass and tin container, and {li) carotene and 
ascorbic acid content of juice as affected at differ- 
ent stages of its manufacture. Results are briefly 
summarized as below : 

Fully mature and highly coloured fruits of 
variety of tomatoes (fruit rather small 
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Amount 

IPtice 

Bemarks 

i. Tomatoes . 

77 md 

Es. A. P. 

226 12 3 

Average price of to- 

2. Common .salt 

33 sr. 

22-5 Sr. 

2 4 9 

matoes per maund 
in 1939, 1940 and 
1941 was Es, 2-1-3, 
Es. 3-4-5 and Es. 
5-2-9, respectively. 

3. Coal (for iDOiler) . 

71 md. 

61 9 5 


4. Containers (24 oz. 

2237 

335 9 10 

Average price of bot- 

bottle) 

" 

,5. Labour 


62 12 0 

ties per dozen in 
1939, 1940 and 1941 
was Es. 1-10-0, Es. 
2-0-3 and Es. 1-12-0 
respectively. 

6, Labels, wrapper, 
screw, caps and 
corks 

7. Incidental charges 


66 6 6 



74 6 0 


like breakage, 

gloves, soap, cloth, 
etc. . 

Total cost for 2237 


808 11 9 


bottles j 

Cost per bottle (24 | 


0 5 9 


oz.) 1 





and of regular oval shape) gave comparatively a 
product of better quality than variety (fruit 
rather large, round and of irregular shape). In 
general, the variety of t omato to be used should be 
' juicy ’ rather than ‘ mealy 

In a typical experiment, crushing and chopping 
the tomatoes prior to juice extraction gave higher 
percentage of juice than that obtained when whole 
tomatoes, trimmed to remove undesirable portions, 
were blanched in water, yielding a product much 
superior in respect of body, taste and flavour to 
that obtained by blanching whole tomatoes. 

About 6 per cent total soluble solids in the juice 
gave a desirable product. Addition of about 
I'O per cent cane sugar greatly improved the taste 
and flavour of tomato juice. 

Pasteurization in combination with chemical 
preservation (0-02 to 0*05 per cent sodium benzo- 
ate) was found to be the best method of preserva- 
tion. The juice thus preserved and opened from 
time to time in the laboratory did not show any 
signs of spoilage for over two months, whereas 
juice preserved by pasteurization alone spoiled 
within a few hours of opening the container. 

Colour changes in tomato juice during storage 
seemed to be controlled by the amount of 
oxygen or air incorporated in the juice during its 
different stages of manufacture. Canned juice 
retained its normal bright-red colour during a 
storage of about two years. The bottled product, 
however, showed a browning of varying degrees in 
different bottles, which was probaMy due to the 
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corresponding varying amounts of air and oxygen 
incorporated while packing individual bottles. 

Wrapping the bottles with black wrappers to cut 
off the effect of light had no advantage in arresting 
the adverse colour changes during storage. 

Carotene was fairly stable to the action of 
heat and oxidation during the different stages of 
manufacture, whereas considerable loss occurred in 
ascorbic acid content by oxidation, particularly 
after sieving the heated tomatoes to remove seeds 
and skins. 

Finally a method for the manufacture of tomato 
juice on ' home ’ as well as ' commercial ’ scale has 
been described. On the basis of semi- commercial 
trials conducted over a period of three years, viz. 
1939-1941, the cost of production, excluding super- 
vision and depreciation charges worked out at 5 
annas and 9 pies per unit of 24 oz. bottles. 
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CITRUS ROOTSTOCK TRIALS IN THE PUNJAB 

II. THE INFLUENCE OF DIFFERENT ROOTSTOCKS ON THE VIGOUR OF BLOOD RED 

ORANGE 

By Lal Singh, B. Sc. (Hons.), M. Sc. (Calii'.), Fruit Specialist, Punjab, Lyallpur 
and Sham Singh, B.Sc. (Agei.), Ph.D. (Bristol), Assistant Hordculturist, Punjab, Lyallpur 

(Received for publication on 24 June 1942) 

(With Plate I and one text-figure) 

Since the first publication in tiiis series [Lal The data reported here were collected on the 
Singh and Sham Singh, 1942], results of the material planted at the Horticultural Besearch 
influence of citrus rootstocks on another scion Sub- Station, Montgomery in February 1987 and 
variety have been studied. These results throw cover the period from 1937 to 1942. 
further light on the so-called rootstock influence, Material and layout 

which has been discussed already while review- The rootstock material of the same age and 
ing literature on the subject in the previous vigour, which was raised both from seed and 
communioation. It may be added that Blood cuttings, was budded with Blood Bed scion in 
Bed being one of the most important varieties February, 1936. The budded trees were planted 
of sweet orange grown, and its response to up ^ the orchard in February 1937 by the 
various rootstocks especially in the ^prehearing randomized block method [Fisher, 1985]. Other 
stage being of sufficient economic importance details regarding the preparation of material and 
and academic interest, the publication of the the layout 'were the same as already reported 
results at this stage of the experiment is amply upon previously [Lal Singh and Sham Singh, 
justified. 1942], The various scion-stock eombmations 

under study are given in Table J. 

Table I 

The dijferent scion mmhimitions under trial 


Field 

No. 

Method of 
raising the 
rootstock 

Name of scion-stock 
combination 

No. of 
trees 
under 
study 

English equiva- 
lents of root- 
stocks 

i ■' 

specific names 

3 

Seed. 

Blood Red on Kharna hhatta 

18 

Nil . ■ . 

C. harna Raf. 


- . 

Blood Red on Jatti Khaiti . , 

18 

Rouerh lemon . 

1 0. limonia, Osbeek. 


9^ • * 

Blood Red on Mitha , . 

I ^ 

18 

Sweet lime 

0 . auranti folia Var. 

■ ■ Bwingle' , 


J? • 

Blood Red on . . 

18 

Citron 

' 0 . medica Linn. 

11 

Cuttings . 

Blood Red on Kharna Khatta 

18 



■ 


Blood Red on Jatti Khatti . 

18 


1 : .. 


»> • * 1 

Blood Red on Mitha . 

18 




. . 1 

! i 

Blood Red on Jullunduri Khatti . \ 

18 i 

1 ' 

Smooth lemon 

1 "■ : ■ 

i Citrus Sn. 

1 

i ■■ 
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ih iti clear Irom tlie foregoing that the experi- 
luenUi] material constituted two sets: In the 
case the Ulood Bed scion was budded on 
rootstocks raised from seed and, in the other, the 
same scion was budded on rootstocks propa- 
gated by the rooting of cuttings. The two 
groiijjs of experimental material, thus prepared, 
were ])laiiled separately in two fields and treated 
as two independent and self-contained experi- 
ments. 'The results of both the trials are 
(niihodical in the present comnimiication with a 
view io study the response of Blood Bed trees 
grcjwing on rootstocks, propagated both from 
seed and cuttings. 

Data collected 

Girth measurements of all the trees, correct 
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to the nearest millimetre, were taken at a fixed 
point above the union year after year for the 
six-year period from 1937 to 1942. The idea in 
making these measurements was to study the 
vigour and rate of growth of Blood Bed trees as 
inluenced by the rootstocks on which they were 
stem -budded. 

The data for 1987 relate to the behaviour of 
one year old ‘nursery trees’ as at the time of 
planting in the orchard, those for 1938 as the 
behaviour of one year old ‘orchard trees’ and 
those for 1942 as the behaviour of five year old 
orchard trees. The year-to-year circumferential 
nieasurements of Blood Bed trees, as influenced 
by rootstocks in both the trials are compiled 
separately in Tables II and III. 


Table II 


The perfor'mance of Blood Red trees growing on certain 

rootstocht^ 

propagated from 

cuttings 




Averas© 

circumferential measurements in 

Method of 

\h3ar of 

Age of trees in the orchard 

<*m. for v?irious .rootstocks 





}>ropagatioii of 

observatio,n 





rootstock 



Kharna 

Rough 

Sweet 

Smooth 




khatta 

1 lemon 

lime 

lemon 

Cuttings . 

1937 

Pre-orcliard . . . 

3-15 

i 3*17 

2*08 

2*40 

„ . : ■ . 

1938 

On© year . . . . 

5-02 

4*9(5 

4' 29 

3* 64 

„ • ' . , 

1939 

Two years . . . , ; 

9-70 

9*71 

7*42^ 

6 * 28 


.1940 

Three years . , . . ^ 

14*40 

16*30 

12*1 

10-70 


!■ 1941 

Four years . . 

17*2 

23-'6 

16*0 

; 1 ()•;-) 


1942 

Ifive years . , . 

20*0 

31*5 

21*4 

J .... 


Table III 

Tlic porformcinoc of Blood Red trees growing on certain rootsUdJ^s ' propagate from seed 


I I ■ . : ■ j Average circi.imferen.tiia I measurements in 

i ... I j for various rootstocks 

Method ol Year of I 


projiagation of 
rootstock 

observation 

Age of ti*ee.s in tlie orchard 

1 

j Kharna 

1 khatta 

Rough 

lemon 

Sweet 

lime 

Uitron 

Seeds 

1938 

i One year . . 

2*53 

3-34 

2*97, 

3*70 


1939 

1 TTv-o 3"ears 

5*16 i 

6*68 1 

5 • 40 

! . ■ , 5 • 45 


1940 

j l^hree years . 

10*07 

12*52 1 

9*05 

8*62 


1941 

! Four years 

14*7 

19*2 1 

13-8 

■■ 12*7 

• • 

1942 

' Five ^'oars . . . , 

1 " ■ . 


27*1 

18*8 

1.5-8 


Methods employed 

The mean figures for girth, as influenced by 
different rootstocks are compiled in Tables H 
and III. The data show the yearly develop- 
ment of Blood Bed trees, which depends upon 
(a) inherent growth capacity of the trees in asso- 
ciation with various rootstocks technically known 
as ‘relative growth rate’ and (b) the seasonal 
and other accidental variations obtaining from 
year to year. Therefore, to make an exhaustive 
and accurate study of the developmental data 


collected, both aspects of the problem w^ere duly 
considered. 

To study growtli rate, the logrithmio values 
of the girths taken at different intervals were 
calculated and plotted. The curvets, so obtain- 
ed, are shown graphically in Big 1 . These 
curves, bein§ linear, are best studied' by the 
exponential equation which w’-as 

devised by Blackman [1919] and subsequently 
used widely by several w^orkers [Afzal and 
Iyer, 1934 ] , 


-if 
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the hrsi five years than the corresponding trees 
on rootstocks raised from seed (Table III). At 
the time of planting in the orchard, in 1937 one 
year old trees on rootstocks raised fi-om ’seed 
were so thin that their girth measurements 
could not be recorded by steel tape. And 
even after five years of their existence in the 
orchard (1942-data) the trees on rootstocks 
raised from cuttings remained bigger-sized than 
those on rootstocks raised from seed. This 
showed that initial advantage of vigour in ease 
of rootstocks raised from cuttings persisted even 
after five years of orchard life, although as 
would be seen later under item (0), the trees on 
seedlmg rootstocks are likely to outgrow 

those on cutting rootstocks in view of their higher 
rate of growth. 


The notation of the above equation used here 
is as : 

XzziAe^^, where 
girth in cna. 

^ = theoratical girth at the start in the 
orchard 

T!=time in years from the beginning of the 
experiment 

b = relative rate of growth per year 

The above equation can be transformed as 
under:/ 

A-\"hT iogio© 

Iogi0e r 

or where, a==Iogio ^^ 

K 


(B) The yearly growth increment in airth 


The yearly growth increment in girth made by 
Ulood lied trees in both the ' 


and b 


log 


loe 


Presentation' AND discussion of results 

(A) Comparison of data in Tables II and III 
A cursory comparison of the, data in Tables II 
and III brings out ' prominently the fact that 

Blood Bed trees on rootstocks ' propagated from same order as that madp 

cttmg, (Table H) remsined biie^sged FurtbermoCtS™” 

Table IY. 


a- i' ■ 7T"' experiments was 

Identical and interesting. Therefore, in the 
nterest of brevity, the data for trees on root- 
stoeks raised from cuttings alone are given in 
Table IV for detailed discussion. 

The data for 1937 (eol. 3, Table IV) collected 
at the time of planting the trees in the orchard, 
SeUlVj pre-orchard or nursery stage, 

trees on rough lemon and^ Mama 
Maiia made better powth than on the remain- 
mg two rootstocks. The data for 1938, being 
immediately following the transplanting 
of trees in the orchard, showed that there had 

rooTst^k?' TV^^^ the 

fa? +w 7k^^l‘' happened mainly due to the 
fact that the trees took considerable time to 
settle down m new environment and to regene- 
rate enough root system to put on new poVth. 
However, the shock of transplantation appeared 

the hy all the rootstocks as 

the powth, made during that year, was in the 


The mean annual increment in girth in cm. Scion variety — Blood Red 


Growing 

season.,' 

Age of trees in the 
orchard 

Year of 
observation 

.Rootstocks 

Kharna 

Icliatta 

Rough 

lemon 

Sweet 

lime 

Smooth 

lemon 

1936 . 

1937. . 

1938 . 

1939 . 

1940 . 

1941 . 

Pre-orchard . 

One year 

Two years . 

Three years , . . 

Four years . 

/Five years . . 7 -. 

February 1937 . . 

February 1938 . 

February 1939 . 

February 1940 . 

February 1941 , . 

February 1942 . . 

3- 15 
1*87 
4‘68 

4- 70 

■■'2 -SO,, 

2- SO 

3- 17 
1-79 

4- 7.5 
6-59 

■ 7-. 3 

' 7 - 9' : - ' 

'Y- 98, 

■3"*13"". 

4-68 

4*4 

4-9 

2-40 

1- 24 

2- 64 

4- 42 

5- 8 

6- 6 


THE INDIAH JOURNAL. 01' AGEICULTURAt • SCIENCE 


9a 

sery trees is apt to be severed to a greater ex- 
tent at the time of removal from the nursery as 
compared with smail-sked trees, because the 
earth balls are generally of the same size in each 
case. And this fact may, in some cases, 
slightly upset the normal behaviour of orchard 
trees during the year immediately following 
transplanting but, in the experiments here under 
consideration there was no evidence of even 
such an influence having been introduced. 

In the second and third orchard years, the 
trees on various rootstocks followed the same 
course of development and growth as in the first 
year except those on hharna hhattd in the third 
year. It is also clear that whereas the amount 
of growth made by trees on rootstocks other 
than hharna hhatia was increasing every year, 
that made by trees on hha/rna khatta retarded 
perceptibly. It may be mentioned in this con- 
nection that all the trees on hharna khatta in 
all the six replicates showed signs, of splitting of 
bark below the union in 1939 and four out of 18 
trees even died by the end of that year. The 
surviving trees dropped a large amount of 
foliage every winter (Plate I) and this may 
probably be termed as a case of delayed incom- 
patibility. 

In the fourth year, in 1941, the condition of 
trees on hharna khatta deteriorated consider- 
ably, and this is corroborated by the figure for 
mean annual growth increment, which works 
out at 60 per cent of the preceding year. It 
may be added that trees on all the rootstocks 
were bearing crop during that year, but never- 
theless, those on rough lemon and smooth lemon 
made still greater annual increrdent in growth. In 
the fifth year, the condition of trees on hharna 
khatta deteriorated still further so much so 
that even trees on sweet lime (a dwarfing root- 
stock) had outgrown them. The data for yearly 
growth increment in girth, discussed above, 
brought out glaringly the fact that khama 
khatta was the most unsuitable rootstock for 
Blood Bed scion. And, in view of the perform- 
ance of this rootstock with regard to the condi- 
tion and vigour of Blood Bed trees over a period 
of six years, it can be asserted that Blood Bed 
scion should not be propagated on hharna 

The above noted conclusion has a special 
significance as it is contrary to the established 
behaviour of hharna khatta rootstock with most 
other species of citrus. Even in case of 
C. sinensis Osbeck to which Blood Bed also 
belongs, this rootstock is known to have pro- 
duced trees of the highest vigour. Thus a 
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particular rootstock may differ in i±s influence not 
only with different species but even with 
different varieties belonging to one and the same 
species. In other words, in determining the 
rootstock influence in case of citrus one should 
not be content merely with the study of such 
influence with different species, but one should 
go a step further in that such an influence 
should be studied for all suoh important com- 
mercial varieties belonging to a species as appear 
to possess marked differences in morphological 
development like Malta local and Malta Blood 
Bed varieties of (J. sinensis, Osbeck. 

(C) The statistical treatment of the data given 
in Tables II and III (pertaining to 
both the field trials) 

In order to study in detail the data given in 
Tables II and III a general curve up to the 
quadratic was fitted to the data by the method 
of orthogonal polynomials, which was finally 
reduced to the significant constants only. The 
analysis of variance of the sum of squares con- 
tributed by these regression coefScients in the 
curve was compiled separately for the data in 
Tables II and III. That for Table II is given 
in Table V, which pertains to Blood Bed trees 
growing on rootstocks raised by the rooting of 
cuttings. 

Prom Table V it is evident that the linear 
regression is significant for all the treatments, 
but in case of khama khatta even the quadratic 
component is also significant. ' The equations 
so obtained are given below: 

Rough lemon : — y—hg x = -f 0*3202 4* 0*2069 t 
Khama hha^tta : — v == log :si — -f- 0*1478 4- 0-3555 «-0 
0272 

Sweet lime : — y=log x= -f 0*3098-f 0* 1785 t 
Smooth lemon \-^y^log x= -f-O* 1799+0*2034 t 

The values (K) as given by the equations are .' — 

Rough lemons +0*2060 ; KhamahhaAta = +0*3555 
— -0*0543 Sweet lime= -+ 0*1785; Smooth lemon= 
+ 0*2034 

The above values show that K and consequently 
b or the relative rate of growth of the trees 
remains constant on three rootstocks namely 
rough lemon, sweet lime and smootli-iemon but 
it goes on decreasing in case of hharna khatta. 
The values for A and 6, characteristic of the 
exponential equation are given in Table VI. 

The values for A show that one year after 
budding, the vigour of Blood Bed nursery trees 
was comparatively far better on hharna ' khatta 
rootstock than on others ; it was about the same 
on rough lemon and sweet lime, but was the 
least of all on smooth lemon. The explanation 
for this lies in the fact that, during the same 
interval in the nursery, rootstock seedlings of 
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Table V 


Analysis of variance of the sum of squares due to regression coefficients 



B. F. 

1 Rcuj^i lemon 

1 

1 Kharna khatta 

Sweet lime 

' Smoothlf^mon,: 


i . ■ i 

' S.S. 

1 

j M..8. 

s. s. 

M.S. 

S. S. 

! M. S. 

S. S. 


Linear . 

Qnadratic 

Residual 

^ ■ 1 1 
■ 1 ' ! 

3 

0-74948 
0-00899 1 
0-00379 I 

' 0*74948f 

0*00899 
0*00126 

0*47883 

0*02752 

0*00388 

0*478831 
0* 027521 
0*00129 

1 0*55775 

0-00487 
0*00338 

0-55775{ 

0-00487 

0-00113 

0*72372 
0*00162 
' 0*00216" 1 

0*72372} 

0*00162 

0*00072 

Total 

5 

0*76226 i 


0*51023 

1 

1 

0*56600 

i 


0*72750 

■ ■ ■ -*■■ ■■ 


f Significant at 5 per cent 

Table VI 



A '1 

b* 

Rough lemon . 

2*090 

0*4765+0*0311 

Kharna khatta . 

2*519 

0* 3809+0* 0486 

•Sweet lime 

2*041 

0*4111+0*0249 

Smooth lemon . 

1*513 1 

0*4682 + 0*0169 


* The vain© of h is obtained from the average value 
,of h for all the years to facilitate comparison 


kharna hhatta attained the greatest height and 
vigour whereas those of smooth lemon remained 
the weakest of all. In view of this, the initial 
.advantage of vigour characteristic of diherent 
species of rootstocks was reflected in the early 
years of budded trees. But, as the vigour of 
.•an unworked rootstock is no criterion of its 
wigour as a rootstock when grafted or budded 
with a Scion variety, the response of the scion 
variety to growth and development would ulti- 
mately depend upon the degree of compatibility 
between the two symboints. 

The values for h or the relative rate of growth, 
on the other hand, show that Blood Bed trees 


t Significant at 1 per cent 

on rough lemon and smooth lemon rootstocks 
are characterized by a much higher growth rate 
than corresponding trees on sweet lime and 
khaTna< khatta* The diflereiiees being highly 
signiflicant, it can be safely asserted that rough 
lemon and smooth lemon rootstocks ar§ asso- 
ciated with vigorous growing trees of Malta 
Blood Bed selon, whereas trees of the same scion 
would remain stunted in ginwth if worked on 
sweet lime and kharna khafM* In fact, on 
kharna khaita, the relative growth rate is on 
the decrease, and as stated before some trees 
have even died as a result of delayed incompati- 
bility of Blood Bed scion with this rootstock. 
For all practical purposes, therefore, kharna 
khafta may be regaided to have proved unsuit- 
able as a rootstock for Blood Bed scion even at 
this early stage of the experiment. 

As stated before, a general curve was also 
fitted to the data is Table III. The analysis 
of variance of the sum of squares contributed by 
the regression coefficients in the curve was com- 
piled and is shown in Table VII. 


Table VII 

Analysis of variance of the sum of squares due to regression coefficients 



B. F. 

Rough lemon 

Kharna khafta 

1 

j Sweet lime 

Citron 

: 

M. S. 

S. S- 

M. S. 

S..S.' ^ - 

1 

M. S. 

S. S. 

, ;m. s. : ' 

Linear . 


0.S184 

0-5184t 

0-4886 

0-4886t 

0*4041 

0-4041t 

0-2662 

0-2652} 

‘Quadratic 

-V'l'' 

0*0108 

0*0108} 

0*0191 

0*0191} 

0*0061 

0-0081t 

0*0022 

0*0022 

Residual 


0*00018 

0*000089 

0-00057 

0-00028 

0*000019 

0-000009 

0-00109 

0-00055 

Total 

4 

0*52938 

i 

. . 1 

1 

0*50827 

■1 


0*410219 


0-26849 



The above table shows that S. S. due to 
linear and quadratic regressions were significant 
in all eases except for citron, where only the 
linear component was significant. The equa- 
tions, so obtained, are given below: 

Rough lemon : — ?/~loga; ~ +0*1546 + 0*3§47 f- 

,0-0278i®. ■ 


^Kharna hhatta ---O' 00SB^0^U29t 

+0*0370 

Sweet lime .'»= +0*1663 + 0*3260 0*0208 

Citron: — ■ y=log a: = +0‘4200+0*1628 4 

The above equations indicate that the rate of 
growth remains constant for citron but in case 
of other stock treatmei ts the rate of gro’ivth 
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goes on decreasing, thus the rate of change of 
y can be expressed as follows : 

Eoagh lemoR 

' dt 

dy 


Kharna khMa 


~dt 


= >i- 0-3947— 0 *0507 i 
+ 0 • 4429—0- 0739 « 


Sweet lima 


^ 0 * 3200—0 * 0417 t 

^ 0-1628 


dt 


CitroR 

The above equations show that the rate of 
growth of trees on khdi'na kkatta rootstock 
decreased more rapidly than on the remaining 
rootstocks. In order to compare the values for 
rate of growth of trees growing on dilierent 
rootstocks, the averages were worked out and 
thus the rates were 0’2277, 0*2210, 0*2010 and 
0*1628 for rough lemon, hharna hhaita^ sweet 
lime and citron respectively. From this it is 
evident that the relative rate of growth was 
the least when citron was used as the rootstock. 
This rootstock, it may be noted, was used in 
this experiment in place of smooth lemon, used 
in the other discussed before. 

The results of both the trials have shown that 
rough lemon gave outstandingly the best results 
for Blood Eed scion as compared with others, 
smooth lemon coming next, and it is also likely 
that the former rootstock may maintain its 
present behaviour in later years as well. Even 
more significant is the fact that hharna hhatta 
which proved incompatible with Blood Red 
scion in both the trials, should not be used in 
propagating this variety. Thus although the 
question of rough lemon as the most suitable 
rootstock for Blood Red remains yet to be 
settled,finally in view of the long range nature 
of these experiments, the fact that hharna 
khaita and citron are unsuitable is proved even 
at this early stage. 

Summary and conclusions 

1. The influence of certain rootstocks, propa- 
gated both from seed and cuttings, on the 
vigour and condition of Blood Red trees was 
studied for a period of six years. 

2. Rough lemon gave outstandingly the best 
results with Blood Red scion as compared 
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with other rootstocks, smooth lemon coming, 
next. 

3. Kharna kfeaWa proved incompatible witk 
Blood Red scion and even at this early stage of 
these trials^ it can be asserted that this root- 
stock should not be used for propagating thiS’ 
variety. 

4. Citron is yet another rootstock which 
proved unsuitable in case of Blood Red scion. 

5. A particular rootstock may profoundly 
differ in its influence on scion varieties belong*- 
ing to one and the same species. For instance, 
Blood Red on hharna khaita had completely 
failed whereas Malta local on the same root- 
stock is doing very well indeed. 

6. Based, on stem-girth measurements as- 
these conclusions are, they may be taken with 
some reserve, as they may have to be revised- 
when more data on new characters are avail- 
able. 
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(RiGceived for publication on 24 January 1944) 

(With two text-figures) 


CoNSiDEEABLE differences of opinion exist to-day 
I regarding the nature of response of farmyard 
j| manure in soiL Field experiments conducted 
I on the same crop in diJBEerent parts of India 
show contradictory results [Rege, 1941], while 

I experiments carried out at the same place on 
dilferent crops do not always lead to the same 
conclusion [Sahasrabudhe, 1934]. Various 
I aspects of this complex problem, therefore, 

:| require careful investigation in order to under- 
j stand the processes responsible for such a 
behaviour so that a rational system of manuring 
can be worked out for diherent soils and crops 
in India. 

I It is a common experience with agricultural 
y scientists that the fertilizing value of farmyard 

I manure is always much less than what it should 

' be if all the nitrogen in it were available to the 

plant. Workers in different countries have 
found nitrogen utilization from farmyard 
manure by plants to the extent of 0 to 40 per 
cent in pots and . 7 to 93 per cent under field 
conditions [Jensen, 1931]. This incomplete 
uptake of nitrogen from farmyard manure by 
plants can be generally attributed to its incom- 
plete mineralization in soils and to the varying 
feeding capacities of difierent crops. It is 
already known that the nitrogen in manures' is 
made available to plants through micro-organic 
activities of soils which are governed by a 
number of factors, of which the following are 
important : (a) temperature, (b) moisture, 

(c) physico-chemical properties of the soil, 
(d) nature and amount of energy materials ’ 
present and (e) micro-flora. The last three 
^ factors are intimately linked up with each other 
and find their full expression in a ‘Soil type'. 
Brown [1922] has rightly pointed out in this 
^ connection that ‘when we consider various 
factors which influence bacterial development 

*This scheme is partly subsidized by the Imperial 

Council of Agricultural Besearch 


in soils and then remember how these factors 
vary in diflerent soils, it will be evident that 
bacteriological results will be influenced to a 
large extent by the soil type. Many experi- 
ments have shown this fact and, while it is 
dften difiicult if not impossible to distinguish 
and disentangle the various fa'ctors which are 
closely allied, it is worthy of note that the 
variations, in results 'may very generally, be 
traced back to the soil Jype, other conditions 
being the same.' Bennet and Allison [1928] 
have stressed the importance of soil type work 
as a basis of manuring. Similarly, Iowa 
Besearch Station has been conducting a series of 
■'manurial experiments on their important soil 
types as a result of which valuable results are 
now available, which serve as guides for the 
manorial recommendations for diflerent soil 
types of Iowa [Brown, 1936] . 

In this paper the results are discussed of a 
biochemical study on the response of (i) a quick- 
acting fertilizer-sulphate of ammonia and (ii) a 
slow-decomposing bulky manure— a typical local 
sample of farmyard manure, on some important 
genetic soil types belonging to the broad group 
of black cotton soil of India. It is also indicated 
how this kind of study has thrown some light on 
the question of manuring of these soils from the 
point of view of their responses to crops. 

Experimental 

Five soil types commonly found on the canals 
of the Bombay-Deccan were selected for this 
study. These soils were classified jhreviously at 
this station .[Basu and Sirur, 1938] according to 
the modern genetic method of soil survey into 
eight types which were chronologically named 
as A to H. The morphological features of the 
soil types A to E , employed in the present 
investigation, are briefly indicated .in Table I, 
while certain important soil properties are given 
in Table II. 
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Table I 

Morphological features of soil types 




A' Type 

B Type 

C Type 

D Type 

E Type 

TwQ horizons of uni- 
form black colour 
with a ting© of red, 
the upper 12 in. or 
so having an excel- 
lent crumb atruc - 
ture and usually 
interspersed with 
roots ; the lower 
horizon faintly lami- 
nated but porous ; 
clay loam. Soil 

, depth 2-4 ft. 

Below murum of 
medium hardness 
impregnated with 
lime. 

Characterized by 3 
horizons : the first 
about 20 in. thickness, 
greyish black colour 
with brown shade, 
with a more or less 
cloddy structure, clay 
loam, the second 
mottled horizon brown 
intermingled with 

black soil brown in- 
1 creasing with depth, 
i thickness 20 to 30 in. 

1 silt loam ; follows a 
reddish-brown colour- 
ed horizon with con- 
cretions of lime and 
silicate material. 

Deep soil extending 
up to 4-10 ft. with 
murum below. 

Consists of a single 

horizon, of deep 

black coloured soil, 

— lumpy structure, 

getting moister and 

strickier with depth; 

black concretions of 

lime usually present 

in lower layers, clay 

loam. Depth of soil 

about 3 to 12 ft. 

overlying thoroughly 

decomposed murum 

almost like sand, 

heavily charged 

with lime. 

• 

One horizon, dark 
grey with brown 
shade, loose and 
granular, with faint 
structure appearing 
in lower depths 
(from 12 in. onwards) 
which attains dis- 
tinct lamination in 
the lowest layer 
loam. Intervening 
between the soil and 
the murum below is 
a lime band of dirty 
white colour and of 
varying thickness, 
soil depth 2-3 ft. 

An upper fairly fri- 
able horizon of about 
12 in. depth and of 
dull greyish black 
colour but of defi- 
nitely clayey consis- 
tency, followed by 
a markedly compact 
second horizon hav- 
ing a slightly darker 
colour andlaminated 
structure ; soil depth 
24-6 ft. Below 

hard murum grey 
and yellow, with 
gluconite. 


Table II 


Physico-chemical properties of soil types 

(0-12 in. depth) 



Maximum water 

Total 

Per cent 


Total 



Soil 

types 

holding capacity 
per cent 

bases in 
m. e. per 
cent 

sodium 

satura- 

tion 

pB. 

PjO. 
per cent 

KgO 
per cent 

N 

per cent 

C 

per cent 

C/N 

. '1 

Humus 
per cent 

A . 

8D20 

79*20 

2*23 

7*95 

■ 

0*092 

0*555 

0-051 

1*09 

' 21*4, ■ 

1-49 

B . 

65 '00 

63*53 

1*77 

8*36 

0*042 

0*313 

' 0*062 

0*83 

13*4 

1*34 

C . 

66 '54 

69*82 

7*75 

8*50 

0*062 

0*077 

0*047 

1*02 

21*7 

1*25 

D . 

71*94 

65*58 

2‘37 

8*00 

0*065 

0-532 

0*058 

1*10 

19*0 

1*56 

E . 

j 79*00 

78*93 

1*12 

7*95 

0*078 

0*964 

0*062 

1*17 

18*9 

1*09 


It will be noticed that morphologically both 
C and E types are inferior to either of the types 
A, B or I). From the points of view of both 
moisture holding power and total exchangeable 
bases, A and E types are superior to tha others. 
Similarly, both pH and sodium saturation 
indicate the poor condition of C type while 
pH is to a certain extent higher in B type. 
Carbon/nitrogen ratio, however, places the B 
type in a' much better position than the rest of 
the tvpes. The types D, A and B are slightly 
better supplied with humus when compared with 
the rest. 


The farmyard manure used in the experiment 
was a composite sample of 15 typical manures 
pollected locally which on analysis gave results, 
shown in Table III. 

It will appear from the analysis that the 
sample of manure is fairly rich in nitrogen 
possessing a moderately low C/N ratio and thus 
can be taken a's a properly rotted and mature 
sample. ' 

Procedure 

The experiment was conducted in glazed 
earthenware pots (1 ft. diameter x.l ft. height) 
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Table III 

Composition of the manure sample 


,1*' 

Moisture 
per cent 

Loss on ignition 
per cent 

Humus 
per cent 

Carbon 
per cent 

Nitrogen 
per cent 

C/N 

per cent : 

Bacterial 
number in mg. 

8-85 

34*70 

5*30 

13*64 

0*96 

14*2 

16*88 


using 10,000 gm. gr air dried soil in each case. 
The following treatments were used: 

(i) Uontroi— no treatment. 

(n) Tarmyard manure — one per cent of Jhe 
sou employed on an oven-dry basis. 

(iii) Sulphate of ammonia — ^to supply N as 
in (ii). 

The soil moisture was kept up at 50 per cent 
Of the maximmxi water-holding capacity. 

Representative soil samples for the various 
determmationB were taken after thorough 

mixing of the soil at ten-day intervals just 
before the addition of water. The required 
quantity of water was added to the soils with 
proper stirring and the packing adjusted 

uniformly in all the pots. Care was also taken 

to keep the time of sampling, water addition 
and plating for bacterial work constant during 
the entire period of the experiment, i.e. 120 
days. The periodical soil samples were subject- 
ed to the following determinations : (i) mois- 
ture, (ii) bacterial number, (iii) ammonia, and 
(iv) nitrate. Total nitrogen and humus were 
determined at start and after 120 days. 

The following analytical methods were used : 

Bacterial number was determined by the plate 
method using the agar medium of Thornton 
[1922]. 

AmmOciacal nitrogen was estimated by 
Olsen's method [Wright, 1934]. 

Nitrate nitrogen was determined by the 
Phenol-disulphonic acid method recommended 
by A.O.A.C. [Wright, 1934]. 

Total nitrogen was determined by the usual 
Kjeldahl method modified by Bal for clay soils, 
[Wright, 1934]. 

Organic carbon w^as determined by the wet- 
combustion method modified to suit the Dec- 
can soils [Basu and Vanikar,. 1942;]. 

Humus was determined by Sigmond's me- 
thod by, extracting the soil with N/ 10 sodium 
carbonate [Sigmond, 1927]. 

Maximum water-holding capacity was found 
out by allowing the soil to absorb water in a 
Fliigg cylinder. 

PeESENTATION OF DATA 

The data on bacterial number and nitrate 
are graphically represented in Pigs. 1 and 2, 


those of ammonia are given in Table IV, while 
changes in total nitrogen and humus are shown 
in Table V. ' 


CaXTMiai. ^ — 
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jFig. 1. Periodic fluctuations in bacterial number 

Bacterial numhers. In the control soils the 
bacterial numbers show iises and falls in all 
eases as a result of periodical wetting and dry- 
ing of the soil but the magnitudes of these fluc- 
tuations are different in different types. With- 
in a period of 120 days two peaks are attained 
by all soils one between 20 to 30 days and the 
second between 50 to 80 days from start, the 
latter being generally of a greater magnitude 
than the former. After about 110 days the 
bacterial numbers show a further tendency to 
rise. Among the soils B type exhibits compa- 
ratively poor values in all stages whereas E type 
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shows very high values on sever a;l occasions. 
The general trend is, however^ more uniform 
in A type demonstrating fairly high numbers 
throughout. The average figures of bacterial 
number show the following descending order: 
E>A>C>D>B. 


.SEFERFNCES 



The responses of bacterial numbers to treat- 
ments are .very characteristically shown in Fig. 
1. It will be observed that very good responses 
with farmyard manure treatment to bacterial 
numbers 'are obtained with C and D types 
while in A type a high value is attained at an 
earlier date. This effect is also shown in B 
type to a fair extent while in E type the in- 
crease in bacterial number due to addition of 
farmyard manure is very little. The percent- 
age increases in average bacterial numbers 
over those of the control are in the order of 0 
(301) > Bf209) > B (126) > A(107) >E(32), the 
figures within brackets indicating the actual 
percentage increases. With sulphate of 
ammonia application the increases in bacterial 
numbers are much smaller and show the foUow- 
ino^ descending order: B(75)>D(29)>C(22)>- 
E(11)>A( — ^5). These latter results indicate 
that the soil bacteria as determined on 
Thornton’s agar are only slightly stimulated by 
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addition of an inorganic nitrogenous fertilizer 
like sulphate of ammonia. 

Ammonia, With regard to ammonical nitro- 
gen the fluctuations are less pronounced than 
those of the bacterial numbers. Usually the 
peak 'periods are exhibited by soils when the 
bacterial numbers are low but this is not inva- 
riably true in ail cases. Among the control 
sons, i) type shows an early ri^e m the value 
(20tli dayj but remains generally low in later 
periods. The type B rematus fairly high 
throughout with a peak at a later perioci (100th 
day) whereas A type shows an early and a late 
peak-periods. From the average contents of 
ammonia it is seen that A, B and I) types are 
superior to either 0 or E types. With addition 
of farmyard manure only A and E types show 
some responses (i.e. 10 and 12 per cent 

increase respectively over the controls), G 
type does not* show any change in the value 
while in both D and B types there are actually 
lowering in the average values of ammonia 
(25 and 7 per cent lowering respectively). 
With the ap'p-lication of sulphate of ammonia 
ther§ are in.all cases sharp falls in the values 
of the initial ammonia contents till 20 to 30 
days with very little rise afterwards excepting 
in the case of A type which shows some in- 
creases on the 30th and 100th days. 

Nitrate. Under the moisture conditions of 
the experiment the nitrate nitrogen figures 'are 
usually lower than the ammonical nitrogen in 
all soils; the ratios of ammonia*/ nitrate in the 
untreated soils being 4-8, 6*0, 10-0, 5*8 and 
3-4 for the types A to E respectively taking 
the average figures into consideration. It will 
be evident from Fig. 2 that in the untreated 
soils there are very little fluctuations in nit- 
rate, pronounced increases being only noticed 
in B, A and D types, B type showing earlier 
nitrate production (60th day) than the others 
(80th day). The average figures, however, in- 
dicate only a,- slight superiority of - A over B, D 
and E *while C is poorest in this res'p'ect. With 
addition of farmyard manure only A and D 
types show ’any pronounced response in nitrate 
production and the peak periods are earlier than 
those in the control soils. The order of response 
(both positive and negative) with farmyard 
manuring is as under: 

D(138)> E(20)> A(— 15) >C(— 17)> B(— 62), 
the figures in the brackets showing the^ per- 
centage increase or decrease in average nitrate 
figures over those of the control untreated 
soils. 

Very marked improvements! in the nitrate 
production is observed with sulphate of ammo- 
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Table IV 


Ammoniacal nitrogtn in dijferent soil types at ten-day periods and their averages 
Mg. per 100 gm. of oven-dry soil 

(Average for 12 occasions excluding the original values) 


Soil types 

A 

B 

0 

D 


Serial 

No. 

No 

. of days after 
start 

Con- 

trol 

F.Y. 

M. 

S/A. 

; Con- 
1 trol 

F.Y. 

M. 

S/A. 

Con- 

trol 

F.Y- 

M. 

S/A. 

Con- 

trol 

F.Y. 

M. 

S/A. 

Con- 

trol 

E,Y, 

M. 

S/A. 

1 

0 




0-44 

1 

•39 

11 

•89 

1 

•16 

2 

11 

12 

.61 

0 

'52 

1 

•47 

11 

•97 

0 

■11 

1 

06 

11 

56 

Nil 

0 

•95 

11-45 

2 

10 




0-81 

1 

•13 

5 

•83 

0 

97 

0 

97 

7 

23 

0 

71 

0 

71 

6 

63 

0 

72 

0 

86 

6 

19 

0 

77 

0 

•62 

4*16 

•8 

20 




Ml 

0 

•74 

1 

•83 

1 

21 

0 

54 

4 

29 

0 

27 

0 

•27 

4 

15 

4 

28 

1 

93 

0 

69 

0 

15 

0 

58 

0*29 

4 

SO 




1*60 

1 

•45 

2 

47 

1 

28 

1 

15 

0 

90 

0 

66 

0 

40 

0 

79 

1 

22 

1 

08 

0 

27 

Nil 

0 

14 

0*14 

B 

40 




0*63 

0 

•79 

0 

79 

0 

57 

1 

00 

0 

86 

0 

56 

0 

56 

0 

84 

0 

73 

0 

73 

0 

73 

0 

48 

0 

64 

0*64 

6 

SO 




0*95 

0 

•63 

0 

79 

0 

79 

0 

53 

0 

53 

0 

52 

0 

52 

0 

66 

0 

57 

0- 

86 

0* 

86 

0 

59 

1 

92 

1-04 

7 

eo 




0*59 

0 

59 

0 

59 

0 

95 

0 

68 

0 

95 

0 

71 

0 

85 

0 

42 

0 

44 

0 

15 

0- 

68 

0- 

15 

Nil 

0-15 

8 

70 




0-65 

0 

97 

0 

65 

0 

70 

0 

97 

0- 

97 

0 

81 

0 

54 

0 

54 

0 

56 

0- 

56 

0- 

98 

0- 

15 

0 

60 

0*60 

9 

80 




0-99 

0 

71 

0 

56 

0- 

66 

0- 

92 

0- 

79 

0; 

54 

0 

67 

0- 

67 

0 

54 

0- 

13 

mi 

0- 

56 

Nil 

mi 

10 

90 




0-80 

0 

96 

1- 

12 

0- 

97 

0* 

97 

0- 

70 

0- 

70 

0 

83 

0- 

42 

0- 

44 

0- 

59 

0* 

59 

2- 

00 

0 

77 

0-62 

11 

100 




2’28 

2- 

43 

2- 

13 

2- 

16 

1- 

35 

0* 

54 

0- 

69 

O' 

■55 

0* 

55 

0* 

55 

0- 

55 

0* 

41 

0* 

68 

0- 

58 

0*44 

12 

110 




0-78 

1- 

22 

1- 

06 

0- 

67 

1- 

06 

0* 

13 

0- 

27 

0* 

40 

0- 

67 

0* 

57 

0- 

57 

0- 

57 

0* 

14 

0 

43 

0-29 

It 

120 




1-40 

1- 

09 

1- 

40 

0* 

83 

0- 

56 

0- 

83 

0- 

71 

f 0- 

99 

0* 

57 

0- 

56 

Or 

42 

1* 

55 

0- 

60 

0 

60- 

1*64 


Average 



0*96 

1- 

06 

1- 

56 

0- 

96 

0- 

89 

1- 

56 

0- 

60 

0- 

61 

1- 

41 

0- 

93 

0- 

70 

1- 

12 

0* 

51 

0 

57 

0*83 

nia application 

, which 

is specially noticeable ir 

L 

taking 

the h 

ighest figure 

of B type 

as 

100. 

The 


the case of C and E types. The percentage general superiority oi the types A and B over 

increases in the average nitrate contents from C and B in maintaining a higher average level 

those of the control, exhibit the following des- of mineral nitrogen is shown in all cases, 

cending order : C(1330) > E(820) > r;(540) > Changes in total nitrogen and humus. From 

B(470) > A(260), the figures in brackets show- Table V it will be seen that the initial nitrogen 
ing the actual percentage increase. In this contents of the different cotrol soils were in the 

case although nitrate-nitrogen is formed in all following descending order: B, E > I) >A>C. 
soils the rapidity with which the maximum The final values of total nitrogen after 120 

nitrification takes place varies considerably days indicate that with the exception of A 

with different types. This aspect of the sub- type all soils have lost varying amounts of 
ject will be discussed later. nitrogen as a result of periodic wetting and 

Mineral nitrogen levels in soils. If the ave- partial drying. It is curious to find that A and 

rage mineral ’ nitrogen (ammonia plus nitrate) E types show a distinctive behaviour in this 

levels are considered we find that without any respect, A type having actually gained 56 per 

treatment the soil types A, B and I) are gene- cent nitrogen while E type has lost only a 

rally far richer than the E or C types, the actual negligible amount. The types B, C and D have 

order being A (100) >• B(96-5) > D(94*0) > lost between 20 to 30 per cent approximately. 

E(56*9)> C(56*9), the figures , in brackets As can be expected, the losses in nitrogen hawe 

indicating the percentages when A is taken as been the greatest with the sulphate of ammonia 

100. With farmyard manure treatment, the treatment, the highest loss (45*6 per cent) be- 

order of levels of mineral nitrogen in different ing suffered by the C type, while E type has, 

types is more or less similar, viz. A(I00)>D shown the least loss (19-4 per cent). With 

(87* 8)>B(77-2) > E(60’9) > C(53*7). Finally the addition of farmyard manure the losses of 

with the addition of sulphate of ammonia, the nitrogen are of much smaller order, the high- 

actual mineral nitrogen levels in all soils are est loss being 21*3 per cent in A type and the 

very much enhanced but the differences in the lowest 12 -3 per cent in C type. The loss in 

actual levels are not so marked, the order being nitrogen is in general much lower in E type 

B(100)>A(92*3)>0(91 *9) >E(89*4)|> I>(8^"Q), than either in B or D type under all cases. 
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Nitrogen and hwmus in different soil types, original and after 120 d-ays 


[XIV 


Soil 

type 

Treatment 

Nitrogen 

Original 

Final 

Per cent 
increase or 
decrease 


Control 

0*051 

0*080 

56*9 

A . : 

F. y. M. . 

0*061 

0*048 

—21*3 


S/A . . ■ . 

0*061 

0*041 

—32*8 


Control 

0*062 

0-049 

-21-3 

B 

p. y, M. . 

0*072 

0*059 

—18*1 


S/A . 

0*072 

0*047 

—34*7 


Control 

0*047 

0-035 

-25-5 

c \ 

E. y. M. . 

0*057 

0*050 

—12*3 


S/A . . . . 

0*057 

0*031 

• —45*6 


Control . . . 

0*058 

0*040 

—31*0 

D 

E.y. M. . 

0*068 

0*055 

—19*1 


S/A . 

0*068 

0*043 

—36*8 


Control . 

0*062 

0*058 

-6-5 

E' . 

F. y.M. .. 

0*072 

0*063 

—12*5 


S/A . . . 

0*072 

0*058 

—19*4 


Humus 


Original 


Final 


Per cent 
increase or 
decrease 


1-49 

i-54 

1*49 

1-34 

1-39 

1*34 

1-25 

1-30 

1-25 


56 

61 

56 

09 

14 

09 


0-15 

0*18 

0*19 

0*79 

0-71 

0-78 

0*68 

0*61 

0-40 

0-41 

0-38 

0*41 

0*38 

0*46 

0*33 


-89*9 

-88*3 

~87-2 

-41*0 

-48*9 

-41*8 

-54*4 

-53*07 

-32*0 


-73- 

-76- 

-73* 


-65*2 

-59*6. 

-69*8 


With regard to humus the following des- 
cending order was observed among the types 
at start: B >A>* B > C > E. In a previous 
publication [Basil and Tagare, 1943] it has 
been shown that loss of humus is a general 
rule even under the intensive system of cane 
growing as practised by the cultivators who 
generally apply large doses of bulky manures to 
their cane crop. In the present instance also 
varying amounts of lossess of humus are noted 
after the period of experimentation in different 
types. Thus in the control soils A type shows 
the greatest loss of 89*9 per cent while B type 
the least with 41 per cent, the general order of 
losses among the types being A B>I)>>E> C 
> B. The losses of humus with addition of 
farmyard manure and sulphate of ammonia 
are also considerable, e.g. 88*3 per cent for 
A type and 48*9 per cent for B type, the highest 
and lowest figures of loss in the farmyard manure 
treatment and 87*2 per cent for A and 32*0 per 
cent for C for the corresponding figures of 
sulphate of ammonia treatment. Generally 
speaking, under all treatments A, B, E have 
suffered greater losses in humus than the types 
B or C. 

Biscussion 

The result of this experiment has clearly 
brought out the inherent differences in the bio- 
chemical behaviour of the soil types studied in 


this paper and their differential responses to 
both organic and. inorganic manuring. . W^e 
propose to discuss briefly here the various phy- 
, sical and chemical factors which are responsible 
for the above characteristic behaviour of the 
soil types and to indicate their bearing on the 
manuring problems of each in a general way. 

Micro-biological methods of soil analysis, 
generally employed to assess soil fertility, fall 
imder two main heads: (1) Birect methods in 
which the numbers and types of micro-organ- 
isms occurring in the soil are determined, (2) 
Indirect methods where the products of micro- 
biological activities in the soil which are of 
immediate utility to the development of plants 
are determined, such as by measuring the nit- 
rate or an^monia formation in soils. We shall 
now examine the result of our experiment from 
the above two points of view. 

The average bacterial numbers in the un- 
treated soils show the following descending 
order: E >A>C>B^B. It will be in- 
teresting to see that this order follows more or 
less the order of the total base saturation capa- 
cities of these types (Table IT). Similar obser- 
vations, namely, that bacterial numbers vary 
accordig to the colloidal surfaces of soils, have 
been made by others. [Waksman, 19311. The 
lower pH values of A and E types might have 
heeri also responsible for higher bacterial acti- 
vities in tliese types. As can be ex/pected, the 
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higher C/N ratios in the types A, C, D and E 
show in a general way higher bacterial numbers 
when compared to the number in B type which 
exhibits the lowest ratio. The inferior nior- 
phological features of 0 type are, however, 
not reflected in the bacterial numbers of this 
soil. . ■ ■ ; , . 

Addition of farmyard manure has encoirraged 
bacterial activities in certain types (C, I) and 
B) more than in others (A or E). This increase 
in bacterial number by addition of manure has 
been observed by various workers [Waksman, 

1931] and has been attributed to either or all 
of the factors — (1) Phyisicai improvement in 
the soil (2) Supply of energy material, (3) Supply 
of available nutrients, and (4) Actual incorpora- 
tion of bacteria. The greatest response of C type 
may be accounted for by either of the factors 
(1) or (3) while in B the improvement is likely 
to be due to the factor (2) primarily. It is diffi- 
cult to explain why t) type has shown such 
a good response although in the case of A or E 
it must be assumed that optimum conditions 
already existed for proper Weveloi)meixt! of 
bacteria and hence the responses were the 
least with ‘them. The bacterial response in 
soils to the application of ammoniiim sulphate 
is known to occur when there is either lack of 
available nitrogen in the soils or high soil re- 
action, as sulphate application may be respon- 
sible for temporary lowering of pH. In all 
these soils, however, the actual responses have 
been only to a small extent and that is , due 
probably ‘to the fact that they are fairly well- 

TabTiF VI 

Nitrification in different soil types 


supplied with nitrogen, at least for the purpose 
of bacterial growth. Slight temporary lowering 
in pH may be responsible for increased bacte- 
rial numbers in the case of B and C types. 

VVaksman suggested three 

methods of determining the nitrifying capaci- 
ties of soils: (i) nitrification of soils V own nitro- 
gen, (ii) nitrification of ammonium sulphate, 
and (iii) nitrification of organic nitrogenous 
materials. He has recommended incubation of 
the soil at a moisture content of 50 to 60 per 
cent of the saturation value and at a tempera- 
ture of 25°-30°G. for a period of 30 days. It 
will be evident from Fig. 2 that fixing up of 
such an arbitrary period of 30 days is not pos- 
sible in the case of different soil types in view 
of the fact that the time of maximum nitrifica- 
tion in soils varies with the nature of the 
materia] used for studying nitrification as well 
as on the soil types. 

It will be evident from Table VI that the 
maximum nitrification occurs from 40 to 120 
days after the treatments are given in different 
soil types. In the case of sulphate of ammonia 
the per cent nitrification figures are sometimes 
more than double than those after 80 days after 
start. In the case of farmyard manure, of 
course, a period of 30 days is definitely in- 
sufficient as only a trace of nitrate is observed 
over the control in most cases. A period of 60 
to 110 days is required to amve at the maximum 
nitrifying powers of these soils. It will he, 
therefore, clear from the above data that for 
determining the nitrifying power of a soil it is . 



With sulphate of ammonia 

Soil types 

A 

B 


D 

E ' 

Maxtmum nitrate nitrogen mg. per cent 

14-7 i 

17*6 

11‘0 

13*6 

22*1. 

No. of days for maximum nitrification . . 

120 . 

40 

100 

120 

60 

Nitrate nitrogen after 30 days mg. per cent . 

5-2 

7*5 ■ 

8-0 ! 

8*6 



With farmyard manure 

Maximum nitrate nitrogen mg. per cent 

13-4 

— -0-4 

0-4 

13*3 

1*5 

No. of days for maximum nitrification . 


Ml, 

Ml. 

70 

110 

Nitrate nitrogen after 30 days mg. per cent . 

--0*3 i 

—1*0 

--0-1 

2*2 

0*3 




108 . the INDIAN JOURNAL 

extremely risky to fix up any arbitrary period 
of incubation (say, 80, 60 or 90 days) without 
ascertaining the optimum period for a 'parti- 
cular soil type by conducting some preliminary 
experiments. Further, as plants utilize nit- 
rate slowly and gradually with their growth it 
stands to reason that measurement of nitrate 
contents of soil at a particular time (say ‘at the 
peak period or after 30 days) after the applica- 
tion of fertilizers can not provide us with a true 
index of their efficiencies with reference to a 
growing plant. The 'process is a dynamic one 
and levels of available nitrogen (over a fairly 
long period) by averaging the contents at 
different times (closer the ^period of determination 
the better) to assess the intrinsic fertilizing 
value of any treatment. Thus taking the per- 
cenfage increase over the control of the average 
figures (of 12 occasions) of nitrate in the treat- 
ed soils we find that the order of response with 
sulphate of ammonia is as under: OE>»-D> 
B^A. With farmyard manure we find that 
only D and E types are responding well (D 
being >E) while A, C and B show depressing 
efieets. The depressing effect of farmyard 
manure to B type of soil has already been dis- 
cussed in more detail in a previous publication 
[Basu and Vanikar, 1942]. 

Finally 'as the fertility of soils depends largely 
on the availability of nitrogen (provided the 
soils are well provided with other plant food 
ingredients) the order of fertility fof untreated 
soils') of different soil tvpes is A 5>B, D > E > 
C taking the average levels of nitrate in these 
soils during the period of this experimentation 
If either ammonia or mineral nitrogen levels 
are taken for judging the fertility they are A, 
B > D> C> E> or A>B>r)>E > Gres^ 
pectivelv. The agreements are fairlv good 
taMng the different indices of availability and 
We mav sav that the soil types A, B and D are 
more fertile than the types E or C. This has 
been more or less borne out by our experi- 
ments at the sub-stations conducted on some 
of these types. Similar relationship between 
crop yield and nitrate accumulation in soils 
has been observed by others [Waksman, 1931]. 

Summary 

Pot-culture experiment with five soil types— 
named A to E belonging to the broad group of 
black cotton soil of India has been described 
in which the biochemical changes have been 
carefully followed after the additions of farm- 
yard manure and sulphate of ammonia respec- 
tively. The moisture level has been main- 
tamed at half the maximum moisture holding 
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capacity (which approximates to 2/3 field 
saturation capacity) by making it up by addi- 
tion of water at regular intervals. The results 
obtained are set forth briefly below: 

(1) From the point of view of average bac- 
terial numbers the soil types can be arranged in 
the following descending order: E >A>OB 
>> B, This is also found to be more or less 
the descending* order of the total base satura- 
tion capacities of these soils. 

(2) From the average figures of mineral nirro- 
gen (i.e. nitrate plus ammonia) in these 
soil types the following descending order is 
obtained : A >'B> D > E > C, Very similar 
order is also shown by the yield data of sugar 
grown on some of these soil types at sub- 
stations. 

(3) From the average nitrate levels in the 
soils with the application of sulphate of ammo- 
nia it is observed that the order in which the 
various types respond to this fertilizer is C > 
E>D>B>A. 

(4) From a similar consideration in the case 
of farmyard manure it is found that a good res- 
ponse is shown by D type, while E type gives 
only a slight response. The rest of the types 
studied in this experiment do not show any 
response to this manure. 

(5) Under the conditions of this experiment 
all soil types show losses of nitrogen in vary- 
ing extent excepting the untreated soil from A 
type. E type has lost much less nitrogen 
than the rest of the types. Losses of humus 
have also been considerable in all cases. A, D 
and E types showing much greater values than 
either B or C types. 

(6) The drawback in fixing up an arbitrary 
period of incubation in the determination of 
nitrifying powers of different soil types has been 
•pointed out and more reliable method of assess- 
ing the fertilizer requirement of a soil type 
indicated. 
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Barley (Hordeum vulgar e, Linn) occupies 
nearly six-and-a-lialf million acres in India and 
the annual outturn is estimated at about two 
and a one-third million tons of .grain. In re- 
gard to aci-eage, India is the second largest 
batley growing country .of the w^orld. It is one 
of the principal crops of the United Provinces 
where nearly two-thirds of the above acreage, 
viz. about four million acres are annually put 
under this crop. It is also interesting to note 
that this province produces more barley than 
the whole of Canada and nearly half as much 
as the total of the United States of America. 
Much of the importance of barley,, lies in the 
circumstance that if well suited for malting, it 
commands a price far higher than it could 
obtain if sold for food, th# difference beiiig 
sometimes as much as 50 per cent or even in 
special cases 100 per cent [Bussell, 1987]. 

In comparison with other barley producing 
countries, very little systematic effort has been 
made in India, -and specially in the United 
Provinces, to scientifically assess the brewing 
quality of the locally grown barley as infiuenced 
by the varietal, soil, climatic, manurial or other 
factors. Under a grant from the Imperial 
Council of Agricultural Besearch, India, some 
work was, however, carried out in which the 
malting quality of a few^ selected strains of 
barley collected from the United Provinces was 
investigated. In the present paper results of 
an investigation of a preliminary nature have 
been described which although not verv exhaus- 
tive, may nevertheless prove to be of consider- 


able economic value to those who like to grow 
baney for brewing purposes. 

LlTBRiVTURB 

Much has already been done in other coun- 
tries to elucidate some of the important aspects 
of quality in barley and a brief £.um.m ary of the 
more striking conclusions so far arrival at is 
given below. In regard to the quality of grains 
as affected by manuring a large number of 
experiments have shown that nitrogenous 
manures increase the nitrogen content of the 
grains. Work done at Bothamsted during 1922- 
82 [Annual reports 1980, 1981, 1982] has 

clearly demonstrated that increased amounts of 
nitrogenous fertilizers may increase the nitro- 
gen content of barley to such an extent as to 
be mjurious to the brewing quality of the 
grains; since nitrogen rich barley is considered 
useless for malting purposes. Earlier work at 
the same station [Annual report 1929] had 
demonstrated that one cwt. of sulphate of 
ammonia per acre might be considered to be 
the optimum dose for this purpose. Higher 
doses were found to add little to yield and 
tended to spoil the quality. Similar results 
were obtained by Bichardson and Grurney 
ri983] in South Australia wXo found that 
dressings,, of sulphate of ammonia in excess of 
56 lb, per acre considerably increased the nitro- 
gen content of the grains which reacted very 
adversely on their malting quality. S'eischab 
[1930, 1988] reported that excessive nitrogen- 
ous manuring increased the grain size and. the 
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weight per 1000 grains; and Prosting ^ [1936] 

described the effect of an excess of nitrogen 
supply on the (.omposifcion of barley grains. 
The latter worker found ihat the amide nitrogen 
content of grains was raised in consequence of 
increased nitrogen supply and with a high level 
of nitrogen in the soil and inverse relationship 
was set up between the sizes of the ale ur pne 
cells and starch grains. Opitz [1940] reported 
“that application of nitrogen increased the yield 
of barley and top dressings at early stages of 
growth were found to be significantly effective 
in increasing the grain yields. Phosphates in 
conjunction with nitrogen were found to be 
effective in raising the yield of barley grains in 
Germany specially with good water supply^ as 
evinced by the recent experiments of Schimtt 
and Schineis [1940]. 

Dreyspring, Kurth and Heinrich (1931] and 
Krugei, Dreyspring and Kurth [1938] observed 
that application of soluble phosphatic fertilizers 
to barley increased the grain size, weight per 
1000 grkns, starch content and yield of ex- 
tract; whereas, the nitrogen content was 
decreased. Burgeoin and Guyon ^ [1933] 
obtained increased dry matter production and 
increased phosphoric acid intake as a result of 
heavy phosphatic manuring. Phosphates have ' 
been’ found at times to increase the protein 
content of grains as reported by Schimtt and 
Schineis [1940] and Eichards and Templeman 
[1936], Opitz, -Eothsack and Morganroth 
[193^] who grew barley in sandy soil normally 
deficient in nutrients 'and to which a basic 
supply of nitrogen was added, on the other 
hand, found that an increase m the phosphate 
supply of the' soil resulted in an increase in the 
phosphoric acid content of the grains and a 
marked decrease in both nitrogen and potash 
contents. Mukerji and Agarwal [1943] « simi- 
larly reported a decrease in the nitrogen content 
of the grains of barley (C 251) by increasing 
the supply of phosphoric acid in the soil. 

Eecent work on the time of application of 
fertilizers has encouraged the belief that early 
dressings increase the yield mlj affecting a 
little the crude protein content; whereas, late 
application at the. time of flowering consider- 
ably increase the protein content of the grains 
[Sfehring and Schramm, 1940; Opitz, 1940]. 

The Institute of Brewing. London, dtiring 
1922-82 carried out extensiveA investigations, in 
co-operation with the Eothamsted Experi- 
mental Station, on the effect of soil, season, 
manuring and variety on the qualitv of harlev. 
The results of this excellent research have been 
published by Bussell and Bishop [1932] and 
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a general summary of their eon elusions may be 
stated as follows. The chief factors in deter- 
mining the quality were lound to be the soil 
and the weather. The date of sowing had 
marked effect, rate of :^eed and spacing little. 
Widening the rows was found to increase the 
nitrogen content. It was also found that 
sowing late lowered the yield but increased the 
nitrogen content. Draught was found usually 
to raise the nitrogen content. 

One of the most remarkable advance made as 
a result of the above investigation was the work 
of Bishop [1986] who gave a ne\y method of 
the valuation of malting and brewing quality of 
barley based on one thousand corn weight, 
nitrogen content and the dry matter of the 
grains. Hand valuation by maltsters was con- 
sidered uncertain or even misleading. As a 
result of statistical scrutiny of a large body of 
data Bishop [1930] found that the brewers* 
extract from barley, in case they germinate 
well, was inversely related to the nitrogen con- 
tent of the grain and directly i,o the corn 
weight. The equation suggested for predicting 
the value of extract was as follows : 

Extract = 110. 1-11. 2W + 0. 18 G, where N 

is per cent total nitrogen and G the w^eight of 
one thousand grains in grams on dry basis. 

Bishop and Day [1933] subsequently modi- 
fied the equation for the extract to E=A-10. 
5 N-hO. 20 G, where A is a constant depend- 
ing upon the' variety of barely. Excellent 
agreement was claimed between the experimen- 
tal and predicted values for the extract with 
the help of the above' equation. An almost 
identical equation was nroposed by Petit [1933] 
for French barleys and according to him an 
error of 1-2 ner cent only between rhe p^redict- 
ed and actual values was obtained. 

Experime^jtal 

Samples of barley of different varieties 
grown during 1940-41 under identical soil and 
other environmental conditions on the . Govern- 
ment Eesearch Farm, Cawnpore, in a varietal 
trial conducted by the Economic Botanist 
(Cotton and Rahi Cereals) to Government, 
U.P., were secured tod analysed. The nitrogen 
content was estimated in the u«ual manner by 
the Kjeldahl method and the one thousand com 
weight was determined by weighing carefully 
four lots of counted one hundred grains , from 
each of the satoples. The extract in brewers* 
lb. per qr. was calculated by using the Bishop 
and Day’s [1933] formula. It las been 
assumed in the present study that all the 
samples of barley examined will germinate 
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well. This was verified in a number of eases 
by qualitative germination tests as well. The 
value of the constant A in the equation was 
kept at 104 — a value found for Indian barleys 
by the Institute of Brewing, London (private 
communication), although there are indications 


that Indian barleys demand a value as high as 
110-112. The calculated quantity of extract 
obtained may not, therefore, be regarded as 
absolute but the results are, nevertheless, com- 
parable amongst themselves. The data are 
presented in Table I. 


Table I 

Variety as affecting the quality of barley grains, 1940-41 

(Government Research Farm, Cawnpore) 


Variety 


IP 21 
C 74 
C 84 
C 85 
C 86 
C 94 
C95 
C 251 
C 285 
C 259 
S. E. 


Sfitrogen 
per cent 

1000 corn 
wt. gm. 

I Extract 

Brewers’ 

' lb. per qr. 

1*30 

48*75 

100*1 

1*36 

51*83 

100*3 

1*38 

56*90 

100*9 

1*35 

51*06 

100*0 

1*39 

49*38 

99*3 

1*37 

58-02 

101*2 

1*47 

60-03 

100-6 

1*38 

52*01 

99-9 

1*41 

54*16 

100*0 

1*39 

,54*76 

100*6 

±0*0365 

±0*8056 



It will be observed from Table I that IP 21 
gives significantly lower nitrogen than the rest 
■ and that C 95 contains the highest amount of 
this ingredient. The one thousand corn weight is 
lowest for IP 21 and highest for C 95. This 
varietal difference was, however, not found to 
be consistent in subsequent studies. In all 
the varieties examined by us it may be noted 
that nitrogen ranges from 1*30-1*47 per cent 
and the one thousand com weight from 48*75- 
60-03 gm. The lower nitrogen content and 
higher one thousand corn weight of Indian 


barleys as compared with English cr (jaiifornian 
barleys, as reported by Bishop [1938], may 
give to the former greater value for malting 
purposes. The varietal differences, however, 
do not show much marked effect on the value 
for the extract, 

With a view to discover differences in the 
varieties of barley when used as a feeding stuff, 
the grains were also examined for the impor- 
tant minerals in the ash by the ordinary 
methods. Table II contains the results of this 
analysis. 


Table II 

Chemical analysis of different varieties of barley grown in U. P. under the same manurial, cultural and 

soil conditions, 1940-41 

^ (Per cent dry basis) 


Description 


1 

IP 21 

2 

C 74 

3 

C 84 

4 

C 85 

5 

C 86 

6 

C 94 


C 95 

8 

C 251 

9 

C 255 

10 

. 0 259 


Total 

organic 


96*827 

97*640 

97*284 

97*526 

97*518 

97*590 

97*532 

97*590 

97*479 

97*321 


Crude 

Total 

1 CaO 

'P 20 , 

K,0 

protein 

ash 

1 ' ■ 


. 8*12 , 

3*173 

' 0*1040 

0*6002 

0*7348 

8*50 

2*360 

0*1044 

0*5109 

0*6327 

8*62 

2*716 

0*1099 

0*6255 s 

0*7326 

8*45 

2*474 

; 0*1013 

0*5359 

0*6667 

8*70 . 

2*482 

0*1337 

0-6337 

0*8249 

8*55 

2*410 

0*1122 

0*7134 

0*8478 

9*20 

2*468 

0*0859 i 

0*6785 

0*8210 

8*62 

2*410 

0-1043 

! 0*6365 

0*8210 

8*81 

2*521 j 

0*1116 

! 0*5074 

0*6616 

8*70 

2*679 

0*1210 

1 0*6582 

0*8960 
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It may be seen that rhere is not much varia- 
tion in the different ash constituents ol the 
varieties examined. Lime is anore or less 
constant at 0*104-0:121; except C 95 which 
gave a lower figure and C 8(3 which gave a 
higher one. In regard to ph^'-'Sphoric acid it 
seems that C 74, C 85 and G 255 may be 
considered poorer in chis ingredient having 
0:507-0*536 per* cent P2O5 ; 21, C 84, 

C 86, C 251 and C 259 may be considered to 
have an average content with a range of 0*600- 
0*658 per cent and C 94 and 0 95 may be re- 
garded as richer with a range of 0*679-0*713. 
Potash similarly varies from 0*633 to 0*896 per 
cent. _ . 

Effect of manurial differences 

As will be' clear from the literature reviewed 
above manurial treatment considerably alters 
the composition of barley grains and as such 
is one of the chief factors in determining the 
quality both for brewing and feeding purposes. 
It has also been shown that nitrogen and phos- 
phoric acid in the manure are the two chief 
constituents which determine both the yield and 
quality of barley grains. Samples of grains of 
barley (C 251) from a manurial trial conducted 
by the Economic Botanist (Cotton, Paddy and 
Eahi Cereals) to Government U.P. on the 
Government Cotton Farm, Eaya (Muttra), 
during 1940-41 were collected and analysed. 

Table III contains the results of the chemi- 
cal analysis of composite samples of the grains 
from the different treatments. There were four 
levels of nitrogen (viz. 0, 20, 40 and 60 lb. 
per acre) in the form of ammonium sulphate , 
and three levels of phosphoric acid (viz. 0, 15" 
and 30 lb. per acr.e) as superphosphate in the 
trial. 

Some very interesting conclusions emerge out 
of this investigation which throw considerable 
light on the nutrition of oarley plant. These 
conclusions are briefly described below: 

I (a) Proteins. Increaisng the quantity of 
nitrogen in the fertilizer increases the nitrogen 
assimilation of barley and consequently the pro- 
tein content is also increased. Phosphoric acid 
has an inverse action and increased level of phos- 
phates has lowered the protein content. Plots 
receiving no nitrogen and no phosphoric acid 
gave grains with a protein content of 8*93 per 
cent; whereas, adding *30 lb. P2O5 per acre 
lowered this to 7*24 per cent. These results are 
in agreement with those obtained by Opitz, 
Eothsach and Morganroth [1937] ; Dreyspring, 
Kurth and Heinrich [1931]; and Krugel, Drey- 
spring, and Kurth [1933]. During 1941-42, how 
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ever, when these results were ugain. verified at 
Eaya it was observed that higher doses of 
nitrogenous fertilizers increased the nitrogen 
content of barley grains but phosphatic manures 
showed an erratic effect (Table V). It seems, 
therefore, that nitrogenous fertilizers have in 
general an effect’ of increasing the uptake of 
nitrogen in the grains but phosphatic fertilizers 
may or may not have any effect. Almost simi- 
lar conclusions were arrived at in the Eotham- 
sted Field Experiments on barley during 1852- 
1937 as described by Eussell and Watson 
[1939]. 

Phosphonic acid. This constituent in- 
creases markedly with an increase in the 
phosphoric acid conlient of the manure, as one 
would expect, and slightly so by an increase in 
the nitrogen supply. 

(c)Lime, Lime is inversely related to 
phosphoric acid. With an increase in the 
nitrogen content, too, “there is a slight decrease 
in lime content of grains, but at higher levels 
of phosphoric acid it is better maintained by 
increasing the dose of nitrogen. 

In regard to the yield of barley as a result of 
the above manurial treatments it may be men- 
tioned that the response to nitrogen was signifi- 
cant at 40 lb. and 60 lb. nitrogen per acre* 
only. The increase in yield over the control by 
20 lb. nitrogen per acre was not significant. 
Moreover, there was no difference between the 
applications of 40 lb. and 60 lb. nitrogen per 
. acre. The former dose, therefore, seejns to be 
the best. Phosphates had no inSuence oii yield 
of grain and no interaction was obs6rve4. The 
summary of these results, obtained through the 
courtesy of the Economic Botanist (Cotton, 
Paddy and Eahi Cereals), is given in Table IV. 

^ In general it may be' stated that the applica- 
tion of phosphatic manures to barley, under 
the conditions of the above experiment, seems 
uneconomical as it does itot add to the :vield 
of grains and at the same* time does not " im- 
prove the quality to an extent commensurate 
with the cost of fertilizer. The use of nitro- 
genous manures may be considered useful 
provided small doses are added which do not 
raise the nitrogen content to the extent so as 
to spoil the malting quality, although a higher 
protein content may be desirable for feeding 
purposes. 40 lb. nitrogen per acre increases the 
yield without injuring the quality and the 
protein content also remains fairly high. 

The above conclusions were verified again 
during the season 1941-42 and the brewers’ 
extract obtainable was calculated by applving 
the formula proposed by Bishop and Day 
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Table III 

Efjtct of different^ levels of nitrogen und phosphoric ctcid in the manure on the composition of harleu 

[G25l),m0^41 

(Per cent dry basis) 


Serial No. 

1 

Description (lb. per acre) 

Total 

organic 

matter 

Crude 

protein 

Crude 

fat 

Crude 

fibre 

f , Tc 

Carbohy* 

pirates 

tal 

Ash 

CaO 

. P.o. 

IC,0 


01b. N ; 01b. PA 

97*521 

8*93 

2*523 

6*146 

86*068 

2*479 

0*1288 

0-663 

0*780 


20 lb. N ; 0 Ib, PaOtf 

97-500 

7*20 

2*360 

4*514 

87*940 

2*500 

0*1092 

0*676 

0*760 

3 

40 lb. N ; 0 lb. P,0, 

97*491 

9*12 

2*130 

4*535 

86*241 

2*509 

0*1062 

0*671 

0*741 


0 60 lb. N ; 0 lb, PjOj 

97*420 

9*12 

2*221 

4*457 

86*079 

' 2*580 

0*1140 

0*674 

0-632 


no N ; ISib. PgOj 

97*409 

7*82 

2*192 

4*938 

88*408 

2*591 

0*1090 

0*673 

0-798 

6 

20ib. N; 15ib. PjO^ 

97*489 

8*46 

2*257 

4*893 

86*772 

2*511 

0*1072 

f 0*665 

0-752 

7 

401b. N; 15ib. PsjOs 

97*445 

7*80 

2*404 

5*012 

87*241 

2*255 

0*0996 

0*716 

0-740 

8 

60 lb. N ; 15 lb. P^O . 

97*440 

8*72 

2*154 

4*674 

' 86*566 

2*560 

0*0974 

0*748 

0-683 

9 

0 lb. N ; 30 lb. P^O g 


. 

^„.-2j571 



2*596 

0*0853 

0*710 

0-641 

10 

20 lb. N ; 30 lb. PjOg 

97*481 

7*99 

! 2* 265“ 

' 4*939 

87*236 

2* 519' 

0*^0851 

0*756 

I ~0- 5W 

11 

40 lb. N ,* 30 lb. PgO, 

97*622 , 

- -.8:34, 

.. 2:224.. 

4*789 

87*058 

2*378 

0*0824 

0*760 

0-780 

12 

601b. N; 30 lb. PA 

97*246 

8*50 

! 2*664 


■‘■86‘*"882 

2*754 

0*”089r 

0*848 

! o-6str 


Table IV 

Yield of barley grain in lb. per acre ^ 1940-41 


Particulars 

60 lb. N 
per acre 

40 lb. N 
per acre 

201b. N 
per acre 

No nitro- 
gen 

1 

Meandifie- 

rences 

Significant 

Yield in lb. per acre . . . . . 

1 3028 

3023 

2880 

2778 

2927 

191*3 

Percentage over mean . . . . 

1 ’ 103*5 j 

103*3 

98*4 

94*9 

TOO 

6*54 


[1933] . Samples of barley grains collected 
from t’vyo maiinrial trials one at Beiatal (Jhansi) 
and the other at Eaya (Muttra) were analysed. 

There were 12 treatments consisting of four 
doses of nitrogen (0, 29, 40 and 60 lb. per 

Table V 

Manurial trials on barley (0 2S1) with different levels of nitrogen and phosphates, 1941-42 


acre) at three levels of phosphoric acid (0, 7|, 
and 15 lb. per acre) in the trial. The data 
obtained with respect to malting quality are 
tabulated in " Table V. 







Beiatal 

Serial 

Treatment 

in lb. per 




No. 



acre 

Nitrogen on 

Wt. per 1000 

Extract 






dry basis 

grains (dry 

(Cal) 






(per cent) 

basis) 

(lb. per 







(gm.) 

qr-) 

1 

N 

0; 

Ea,0« 

0 . 

1*697 

41*68 

94-60 

2 

N 

20; 


0 , 

1*771 

42*25 

93*86 

3 

N 

40; 

PfiOs 

0 . 

1*945 

41*53 

91*88 

4 

N 

60; 

P,0j 

0 . ' . 

1*988 

40*12 

91*15 

5 

,N 

0; 

EgOfi 

7i . 

1*843 

41*42 

92*93 

,6'i 

N 

20; 


7i . 

1*832 

41*43 

93 05 

7 

8 

N 

N 

40; 

60; 

P .05 

P.O, 

7i4' •' 

7i . 

m 

39*22 

40*39 

92*00 

9 

N 

0 ; 

D.O. 

15 . . 

1-684 

40*01 

94*32 

10 

N 

20; 

I’eOj 

15 \ 

1-845 

35*44 

91*72 

11 

N 

40; 

DaO* 

16 . 

i.-.a2a— 


' ' 

12 

N 

60; 

D,0, 

15 . . 

1-763 

43*42 

Tf|.28 


Raya 


Kitrogen on 
dry basis 
(per cent) 


Wt. per 1000 
grains (dry 
basis) (gm.) 


Extract 
(Cal) 
(lb. per. 
qr.) 


1*414 

1*630 

1*633 

1*828 

1*460 

1*681 

1*585 

1*419 

1*504 

1*588 

Trggf 


43*24 

45*20 

43*59 

43*38 

45*74 

42*28 

42*22 

44*89 

44*85 

44 * 02 ,^ 

44*63 


97*80 

96*98 

95*57 

93*48 

92*92 

94*81 

95 ‘ 80 _: 

98*08 

97*18 

96*13 

gjqr" 
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Nitrogenous dressings, as one would expect, 
considerably increase the nitrogen content of 
grains although there- seems to be not much 
consistent change in the size of the grain. 
Hence the value of the extract decreases slight- 
ly by increasing the nitrogen in the manure. 
Phosphates seem to have* an erratic effect. 

■ Higher doses of nitrogen may, therefore, not be 
considered advisable for securing betUer quality 
of barley. 

Effect of irrigation 

Samples of barley from three varietal trials 
conducted under irrigated and unirrigated con- 
ditions during the season 1941-42 from three 
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places in the province, viz. Government 
Cotton Research Farm, Raya (Muttra), Gov-, 
emment Research Farm, Cawnpore, and Gov- 
ernment Agricultural Fann, Belatal (Jhansi), 
were received from the Economic Botanist 
(Cotton, Paddy and Babi Cereals) to Govern- 
ment, U.P., Cawnpore, for analysis with a view 
to assess their brewing quality. Samples of 12 
varieties each from irrigated and unirrigated 
conditions were received both fium Cawnpore 
and Raya and of 10 varieties each from both 
the treatments from Belatal. 

The analytical data obtained for both the 
irrigated and unirrigated samples from the three 
places are presented in Tables VI, VII and VIII. 

.E VI 


Varietal trial under irrigated and unirrigated conditions ^ 1941-42 
(Government Cotton Earm,*Baya) 


Serial 

No. 

Variety 

Irrigated 

Unirrigated 

Nitrogen on 
dry basis 
(per cent) 

Wt. per 1000 
grains (dry 
basis) (gm.) 

. 

Extract 

(Cal) 

(lb. per qr.) 

Nitrogen on 
dry basis 
(per cent) 

Wt. per 1000 
grains (dry 
basis) (gm.) 

Extract 

(Cal) 

(lb. per qr.) 

1 

34-84 



1-471 

47-85 

98*12 

' 

1-950 

50-01 

93-63 

2 

34-85 



1-328 

46-24 

99-30 

1-683 

47-24 

95-78 

3 

34-86 



1-495 

42*90 

96-88 

1 * 830 

45*52 

93-89 

4 

34-74 



1-612 

47-29 

97-58 

1-901 

46-92 

93-42 

5 

C 251 



1-438 

44-77 

97*86 

i-917 

43-03 

92-48 

6 

IP 21 



1-570 

45-61 

96*64 

2*089 

41-73 

90-41 

7 

35-50 



1-503 

47-89 

97 -.80 

2-071 

49*58 

92*17 

8 

35-44 



1-450 

48-53 

98-68 

1*975 

45-31 

92-32 

9 

35-63 



1-524 

49-56* 

97*91 

1-833 

47-64 

94-28 

10 

35-33 



1-606 

49-68 

97*07 

2-145 

48-47 

91-17 

11 

35-37 



1-487 

47*66 

97-92 

2-129 

46-52 

90-95 

12 

Local 



1-657 

51*98 

97-00 

1*953 

51-34 

93-76 


Table VII 


Varietal trial under irrigated and unirrigated conditicms^ 1941^42 

(Government Research Farm, Cawnpore) 


Serial 

No. 

Variety 

Irrigated 

Unirrigated 

Nitrogen on 
dry basis 
(per cent) 

Wt. per 1000 
grains (dry 
basis) 
(gm). 

Extract 

(Cal) 

(lb. per qr.) 

Nitrogen on 
dry basis 
(per cent) 

Wt. per 1000 
grains (dry 
basis) 

(gm-) 

. Extract, 
(Cal) 

(lb. per qr.) 

1 

35-23 . . 

1*585 

48*34 

97-03 

2-512 

'47-99,. 

87-22 

2 

35-33 

1-560 

39-97 

95-61 

2-345 

46-14 

88-61 

3 

35-50 

1-741 

41*11 

93-94 

2-381 

. '.A1-.29 . 

.89-36 

4 

35-44 

2-399 

40*15 

96*85 

2*436 

.47-67". ■: 

87-96 

5 

35-24 

2-369 

47-19 

98*56 

2-593 

50-69 

86-91 

6 

35-17 

1-473 

43-21 

97*18 

2*313 

46-39 

88-99 

7 

35-45 

2-468 

38*02 

85*69 

2-673 

45-56 

86 05 

8 

34-84 

1-742 

45*86 

94-88 

2*503 

56-08 

88-73 

9 

34-85 

1-603 

43-84 

95*94 

2-426 

46-29 

87-79 

It 

34-86 

1-586 

46-79 

96*71 

2*239 

44-76 

89.43 

11 

C 251 

1-479 

43-09 

97*09 

2-433 

42-26 

86-89 

12 

IP 21 . . . ' 

j • 1*822 

‘ 40-97 

93*06 

2-403 

42-37 

87*24 
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Table VIII 

Varietal trial under irrigated and unirrigated conditions, 1941-42 
(Government Agricultural Farm, Belatal) 


Irrigated 


Unirrigated 


Variety 

Nitrogen on 
dry basis 
(per cent) 

Wt.per 1000 
grains (dry 
basis) 

(g“-) 

Extract 

(Cal) 

(lb. per qr.) 

Nitrogen on 
dry basis ' 
(per cent) 

Wt. per 1000 
grains (dry 
basis) 
(gm.) 

Extract 

(Cai) 

(lb. per qr.) 

35-11 



1*963 

45*69 

92*53 

2*370 

42*47 

' 87,* 62 ' ■ 

35-40 



1*771 

50*23 

95*45 

2*510 

44*88 

86*60 

35-50 



1*983 

47*95 

92*77 

2*572 

47*46 

85*49 

35-52 



2*133 

49*70 

91*52 

2*490 

50*19 

87*89 

35-56 



, 2*042 

47*14 

91*99 

2*541 

42*51 

85*82 

34-84 



1*790 

50*45 

95 •29 

2*369 

48*87 

88*90 

34-86 



1*712 

. 45*84 

95*19 

2*480 

43*63 

86*69 

34-94 



1*904 

52*17 

94*44 

2*390 

48*85 

88*67 

C 251 



2*071 


93*39 

2*392 

42*09 

88*32 

Local 

*' ■ ' * 


1*760 

^ 43*42 

94*20 

2*452 

41*99 

86*67 


It may be seen from the above tables that 
although variety seems to have effect on the 
nitrogen content and consequently on extract 
this is decidedly less significant than the effect 
due to irrigation. Barleys grown tinder irrigat- 
ed conditions have in every case given lower 
nitrogen and higher extract than those grown 
under unirrigated condition, s. The effect due 
to varieties has not been consistent from place 
to place but the effect of irrigatim has been 
found to be highly consistent. It seems that 
although barley may take up the same amount 
of nitrogen from the soil the greater yield of 
grain under irrigated condition results in greater 
carbo-hydrate production so that a lower nitro- 
gen percentage results. Similar results were 
obtained in America by Greaves and Carter 


[1923] for wheat, oats and barley. The decrease 
in the nitrogen content as a result of irrigation 
has been considerable and this modifies to a 
great extent the brewing quality of barley. It 
seems that unirrigated barley will be 'much 
inferior, if not altogether useless, for malting 
purposes. The high protein content may confer 
on this type of barley, however, superior feed- 
ing qualities. 

Effect of locality 

In order to study the effect of locality on. the 
quality of barley, data for the common varieties 
of barley grown under irrigatedyconditions have 
been selected out from the above tables and 
presented in Table IX for the sake of 
comparison. 


Table IX 

Effect of variety and locality on quality of irrigated barley 
V' Baya'" •■■■■ Cawnpore „ . . 


Uclatal 


Variety 


]sr Ext. N Ext. ‘ N Ext. . 

(per cent) (lb. per qr.) (per cent) (lb. per qr.) | (per cent) (lb. per qr.) 


1 34-84 

2 34-86 

3 35-50 

4 C 251 


6, IP 21 


98- 

-12 

1 

*742' r 

94- 

00 

00 ■ 

96* 

■88 

1- 

■586 : 

96- 

■71 

97* 

80 

1- 

•741 

93- 

■94 

97* 

86 

1 

•479 

97- 

•09 

96* 

64 

1 

•822 

93 • 

■03 
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It is apparent that in every i.ase barley grown 
at liaya contains lower nitrogen than that 
grown at Uawnpore and this in turn contains 
less nitrogen tJaan that grown at BeiataL The 
ngures tor extract are in inverse order. These 
ngures, although niay not hold tor every seasonj, 
yet clearly show tnat the varietal cliderences 
are quite subordinate to differences due to soil, 
elimate and irrigation as lar as the quality of 
barley is concerned, liusseli [1987 J similarly 
mentions that the soil and climatic conditions 
play a very important part in deciding the 
quality in barley. 

Summary 

(1) The varietal ditterences on the malting 
and feeding quality of barley have been in- 
vestigated witn ah the common varieties of 
United Provinces., 

(2) The effect of different levels of nitrogen 
and phosphoric acid as fertilisers on the qua- 
lity of barley grains for barley (0 251)_ has been 
investigated and discussed. 

(3) It has been found that barley produced 
under xinirrigated conditions will be much 
inferior, if not altogether useless, for malting 
purposes due to its higher idtrogen content. 
The high protein content may confer* on this 
type of barley, however, superior feeding 
qualities. 

(4) Evidence has been adduced to show that 
B varietal differences are quite subordinate to 
»; differences due to soil climatic and environmen- 
P tal factors as far as the quality of barley is 

concerned. 
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STUDIES ON INDIAN BED SOILS 

VIII. studies ON TmPHYSIC^ PROPERTIES OP 

SOME INDIAN RED AND EATERITIC SOILS 

By S. P. Raychattdhuei and Abtjl Hussain Mian, Chemical Laboratory, Dacca University 

(Received for publication on 1 May 1943) 

(With two text-figures) 

BD soils occur extensively throughout India. profile samples of Indian red soils indicate a 


Red soils occur extensively throiigliout India, 
in the MMr as Presided in Hyderabad, in 
Central Provinces, in Bihar, in Orissa and in 
parts of Bengal and Assam. The compositions 
of these soils vary widely. The soils are gene- 
rally poor in nitrogen, phosphorus and humus, 
while the alkali content is fair. Some patches 
are comparatively rich in potash, iron, lime and 
magnesia. In comparison with the these 

soils are poorer in lime, potash, iron oxide and 
are also uniformly low in phospjiorus content. 

Laterite is a formation peculiar tp India and 
some other tropical countries with intermittent- 
ly moist climate. It is a compact vesicular 
rock composed essentially of a mixture of the 
hydrated oxides of aluminium and iron with a 
small amount of MnOg., TiOg,, etc. The 
laterite is especially well-developed on the 
summits of plateaux and hills of the Deccan, 
Central. India, Central Provinces, Rajmahal, the 
Eastern Ghats of Orissa, South Bombay, 
Malabar and parts of Assam. Laterite, which 
scarcely occurs on situations below 2,000 ft. 
above sea-level, is known as ‘high-level laterite*, 
the rocks of which are characterized by massive 
homogeneous grains and are of uniform composi- 
tion. The above type of laterite is differentiated 
from what is known as the ‘Jow-level laterite* 
ft which occurs on the coastal low lands, on both 
sides of the Peninsula. Low-level laterite is 
also sometimes known as ‘detritaP, ‘reconsoli- 
dated* or ‘secondary laterite’ and has been 
formed from the products of mechanical disin- 
tregation of high-level laterite [Fox, 1923]. 
Fox r 1936] points out that the chemical analyses 
of the so-called laterite soils of India, show 
clearly that Buchanan’s original laterite con- 
sists mainly of what we should now call litho- 
.margio laterite and even in part lateritic litho- 
marge. 

A critical account of the origin and nature of 
laterites and lateritic soils of" India has been 
given by Eaychaudhuri [1987], who, in a later 
publication [1941], has described the morpholo- 
gical features of a number of profiles of red soils 
of India. Eaychaudhuri and Nandymaznmdar 
[1940] have shown that the bxifFei" curves of 


more or less definite inflexion at iTl 9'8 and 
frequently a second inflexion at pH 2-9 or at 
pH 4*6.^ In a recent paper Eaychaudhuri and 
Mukherjee [1942] have reported the results of 
their studies on the mineralogical composition 
of some Indian red and lateritic soils and on 
the basis of the percentage of the mineralogical 
constituents in the profile samples, have divided 
the soil profiles tentatively into five groups, 
viz. (1) zircon preponderant, (2) hornblende pre- 
ponderant, (8) rutile preponderant, (4) epidote 
preponderant, and (5) tourmaline preponderant. 
When these investigations were being carried 
out, profile samples of red soils of Bengal and 
of certain tracts in Southern India were not 
available for work. Typical profile samples 
have been subsequently collected bv one of the 
authors ^ (Eaychaudhuri) and in the present 
paper, in continuation of the previous works, 
the physico-chemical properties and mineralo- 
gical compositions of samples of seven red soil 
profiles of Bengal and, of Southern India havifc 
been examined. 

Experimental 

The following properties of the profile samples 
have been described in order : 

(A) Mechanical compositions. 

(B) Chemical compositions. 

(C) Mineralogical compositions of the sand 
fractions. 

(D) Examination of buffer capacities of profile 
samples. 

(E) Cataphoretic speeds of clay particles in 
cm. /sec. per volt/cm. at different concentra- 
tions of sodium chloride solutions. 

The mechanical analyses of the soils were 
carried out by following essentially the proce- 
dure suggested by Robinson [1933]. Clay frac- 
tions for chemical analyses were: separated from 
the soil by the usual sedimentation method and 
purified by ordinary dialysis and subsequently by 
electro-dialysis. The separation and identifica- 
tion of minerals in the heavy fraction of fine 
sand (Sp. gr. 2-9) were carried out as described 
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by Milner [1932]. Buffer capacities were deter- 
mined by Schofield’s method [1933]. The cata- 
phoretic speeds were determined by the proce- 
dure of Breundlich and Abramson [1927, 1928]. 

Results anb discussions 
A. Mechanical compositions 
The results of mechanical composition (Table 

Table 

Mechanical compositions of 


I) show that the percentage of clay fraction is 
fairly high in all soils except the Tellicherry 
profile samples. Also, in all cases except Telli- 
cherry the percentage clay content shows a 
maximum value at an intermediMe depth of the 
profiles. In general, the percentages of coarse 
sand fractions show minimum values at inter- 
mediate depths of the profiles. 


soil samples (oven- dry basis) 
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B. Chemical compositions 

Table II shows that so far as Martin and 
Boyne’s definition of laterite is concerned (1927, 
1930, SiOg/A-lgOgOf clay fractionc; 1*38), none 
of the soils can be classed as laterites, whilst 
only soil Nos. 172p,176p, I79p, 190p, 192p and 
209p may be classed as laferilic (SiOg/AlgOg 
of clay fraction between l*33-2-00). It may thus 
be inferred that the lowermost layer of soil 


samples from Jaydebpore, the top and bottom 
layers of Bangalore soils, as also all samples of 
Tellicherry and the top layer of Bankura profile 
may be classed as lateritic, whilst all the other 
soils should be classed* as red loams. In gene- 
ral, the percentages of AlgOs are very high 
in the clay fractions compared to the per- 
centages of Fe 20s . This observation is probably 
explained by the very low percentages of ferro- 


j lowermost layer or sou magnesian minerals in the soils (Table III). 
Table II 

Chemical Gompositions of clay fractions colowr-dry basis) 


Profile No. 

Soil No. 

SiO, 
per cent 

A1,0, 

per cent 

FejO, 

per cent 

SiO,/Al,0, 

SiOj/AIgO j 
4*PeaOj 

A ... 

156p 



51*65 

30*76 

12*68 

2*83 

2*31 


I57p 



50*72 

33*62 

12*20 

2-56 

2*08 


I58p 



49*17 

33*62 

13*22 

2*47 

1*01 


169p 



51*46 

33*14 

13*61 

2*62 

2*09 


160p 

• * 


40*32 

. 33 . 4 s 

15*20 

2-49 

1*96 

B , . ' • :• • 

I62p 



6g*18 

81*01 

11*29 

2*89 

2*36 


163p 



62*97 

81*47 

i0*82 

2*84 

2*34 


164p 



52*98 

30*48 

11*17 

2*94 

2*41 

c 

169p 



53*03 

32*62 

11*16 

2-76 

2-38 


170p 



51*88 

34*16 

11*68 

2*56 

2* IS 


171p 



51*78 

34*21 

10*43 

2*56 

2; 16 


172p 



42*60 

46*67 

11*61 

1*67 

1*36 

D 

176p 



47*00 

47*70 

4*89 

1*86 

1*75 


177p 



60*00 

29*43 

5*76 

3*42 

3*11 


178p 



52*10 

38*90 ' 

6*69* 

2*27 

2:07 


179p 



62*75 

45*63 

2*62 

1*96 

1*90 

E ■ 

190p 



44*40 

38*86 

15*45 

1*93 

1*50 


191p 



43*03 

40*96 

14*29 

1*77 

1*47 


192p 



43*42 

41*05 

13*57 

1*76 

1*47 

B . , • ■ •' 

197p 



46*66 

36; 74 

10*91 

2*14 

1*88 


198p , 



49*41 

35*02 

14*98 

2*38 

1*88 


199p 



68*34 

28*39 

11*34 

3*47 

2*81 

G . * • 

209p 



47*00 

40*04 

12*86 

1*98 

1*66 


210p 



47*12 

29*56 

16*97 

2*69 

2*00 


211p 



45*86 

33*92 

16*83 

2*28 

1*74 


212p . 



47*94 

80*70 

15*70 

2*64 

2*00 

i 

213p , 


• 

50*28 

29*47 

14*80 

2*88 

2*24 


C. Miner ological composition of fine sand frac- 
tions 

The percentages of niinerals in the soils vary 


widely (Table III). Soils of Bogra, Midnapore, 
Jaydebpore, Pasumalai and Bankura are fou’" 
to be fairly rich in many minerals, 
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D, Buffer capacities 

Witli Bogra samples (156p-160p) t^he biifier 
capacity is maximum at an intermediate layer 
(158p). Brom a comparison of the data in Table 
Y it is evident that the buffer capacities follow 
the variations in the percentages of clay frac- 
tions down the depths of the profiles. The 
buffer capacities of Tellicherry samples (190p- 
192p) decrease with depth. The Buffer capa- 
cities of other profile samples have the follow- 
ing characteristics : 

(1) Buffer capacity hag a maximum value at 
an intermediate layer: Jaydebpore, Bankura, 
Midnapore and Bogra. 

(2) Buffer capacity increases as the depth 
increases ; Pasumalai. 

(3) Buffer capacity varies irregularly with the 
depth: Bangalore. 

Table Y shows the calculated base combining 
capacities of the silt and clay fractions of the 
top samples between pH 1*3 and 7*1. 


Table Y 


IJB'igures in m.eq. per 100 gm. of 

material (oven-dry basis)] 





Uptake of base bet- 

ProSIfe 

Depth 

Soil 

ween pS l*3-7* 1 

No. 


No. ■ 

By silt 

By clay 




fraction 

fraction 

A 


166p 

2-6 

16‘1 

B 

0 m.-l ft. 10 in. 

162p 

3^0 

16*1 

C 

0 in,-3 in. . 

169p 1 

3-4 

18*6 

D 

0 in.-3 ft, 6 in. . 

176p 

3*6 

4*0 

E 

0in.-4ft. 

190p 1 

5-9 

16*4 

F 

0 in.-l ft. 2 in. . 

197p I 

! 13-4 

24*3 

a 

0 m.-6 in. . 

209p 

7-2 

15*0 


The base combining capacities of the ailt 
fractions are fairly low except in the case of 
Pasumalai (Madras Presidency) soils. 


E. Cataphoreiic speeds of clay particles 
Figs. 1 and 2 show the variations in cata- 
phoretic velocity (c.v.) of clay fractions from 
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Table VI 


Velocity of clay ‘particle 3 in cm.jsee. per voUlcm. at different concentrations of NaCl solutions 
(The particles always migrated towards the anode) 


Profile No. 

Soil No. 

Cone, of clay 
suspension 
(gm. per 1000 
c.c.) 

Cone, of sodium chloride solutions in normality 

0-0000 

0-0004 

0-0008 

0*0016 

0-004 

A' 




156p . 

0-197 

—10*0 

—10-0 

—9-0 

—8-2 

—7*7 





167p . 

0-459 

—11-1 

—10-6 

—10-0 

—8-7 

— T-S 





158p . 

0-347 

--10 -9 

—10-9 

—9-7 

—8-6 

—7-8 





159p . 

0-229 

—11-7 

—11-5 

—10-2 

—9-3 

—8-8 





leOp . 

0-126 

---14 -6 

—14-3 

—13-7 

— 13-1 

. — 12-:5; 

B 




162p 

0179 

— 16-3 

—15*6 

—13-7 

—11-8 

. —10- 2.;' 





163p . 

0-283 

—17-4 

— 1&-9 

—12-9 

—10-9 

—9-7 





164:p . 

0-318 

>--18*5 

—13-2 

—12-5 

— 11-7 

—10-9 

C 




169p . 

0*370 

— 31-8 

—27-3 

—13-5 

—10-9 

—9-2 





. . 

0-319 

* — 35-0 

-29-2 

—14*6 

—10-9 

—9-4 





171p . 

0-601 

— '43 * 8 

—36-0 

—15-2 

— IM 

—9-7 





172p . 

0-393 

— 36-5 

—31*3 

—16-8 

—10-3 

. — 9-2 . 

I) 




176p . 

0-426 

—17 -5 

—17 •6 

—17-2 

—17-5 

—15-6 





177p . 

0-585 

—14-6 

— .14-6 

—14-3 

—14-3 

—13-6 





178p . 

0-431 

—13-9 1 

—13-9 

—13-9 

—13-6 

—13-1 





179p . 

0-324 

— 13*7 

—13-7 

—13-3 

—11-7 

—10-2 

K 




190p . . 

0-466 

-20-8 

—20-8 

—15-1 

—12*9 

—10-2 





191p . 

0-640 

— 19-4 

—19-0 

—12-3 

—10-9 

—8*9 





192p . 

0-234 

—12-0 

—11-8 

—11-4 

—10-4 


F 




197p . 

0-310 

—14-6 

—14-6 

—14-6 

—14-1 

—13-7 





198p . 

0-411 

—13*5 

—13*5 

—13-3 

—12-9 

—12-5 





i99p . 

0-440 

—12-5 

—12-1 

—11-7 

—11-7 

—11-8 

G 




209p . 

0-361 

—14-6 

—14* 6 

—12-9 

—12 -2 

—11-2 


' 



210p . 

0-280 

—19*4 

—19-0 

—15-6 

—12-9 

—11-2 





211p . 

0*314 

—15-6 

—14-6 

—14*6 

—12-5 

—11*7 





212p . 

0-400 

—16-6 

— 153 

—13*5 

—11*2 

—10-2 





213p . 

0-501 j 

—20-8 ; 

—19-4 

^14*6 

—12-9 

—10-9 


Bogra and Tellicherry respectively. Fig, 1 
shows that the c.v. of clay particles of Bogra 
soils at first decreases only slightly with increas- 
ing concentration of sodium chloride, then a 
little more rapidly and at concentrations above 
0*0016N the c.v* remains fairly constant. 
Big. 2, on the other hand, -shows that in the 
case of the soils from the first two layers of 
the Tellicher^ profile (196p and 191p'), the c.v. 
at first remains fairly constant, then decreases 
suddenly to a low value and afterwards the rate 
of decrease is slow. With the lowermost 
sample from the Tellicherry profile .how- 
ever, (192p, 4 ft. 9 in.— below), rate of c.v. is 
all along small. Graphical representations of the 
variations of c.v. observed with increasing con- 
centrations with all the profile samples have not 
been given; it may however be mentioned that 
the variations of the c.v. are conipara^vely 



Big. 1. Bogra soils 
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small in the caiSe of the Bbgra, Bangalore and 
Pasumalai soils and the Tariations are consi- 
derable with the Midnapore, Jaydebpore, Telli- 
cherry and Banlmra soils. The clay fractions 
from different layers of soil of the same profile 
shows different initial c.v. pointing to the pre- 
sence of different clay minerals. 


SSBSBBa 


frOOli <H)032 vOuJ 

Strength oS aodxam oUosrido is oornaAUfy 

Fig. 2. Tellioherry soils 

F. General conclusions 

From the point of view of the richness of 
various minerals, soils from the following places 
appear to be similar: Bogra, Midnapore, Jaydeb. 
pore, Pasumalai and Bankura. On the basis of 
the variations of buffer capacities of the profile 
samples, it appears that the soils of Jaydebpore, 
Bankura, Midnapore and Bogra are similar; 
whilst the profile samples of Pasumalai, 
Bangalore and Tellicherry possess 
different buffer characteristics. On the other 
hand, from the variations of cataphoretic speeds 
of clay particles with different concentrations of 
sodium chloride solutions, it appears that the 
soils of Bogra, Bangalore and Pasumalai are 
similar, whilst the soils of Midnapore, Jaydeb- 
pore, Tellicherry and Bankura form another 
group of soils. So far as the chemical composi- 
tion of the clay is concerned, the lowermost 
layer of soil samples from Jaydebpore, the top 
and bottom layer of Bangalore profile, all the 
samples of Tellicherry and the top layer of 


Bankura profile may be classed as lateritic, 
whilst all the other samples with which work 
has been carried out in the present paper should 
be classed as red loam. As has already been 
stated from general morphological considera- 
tions, the soils of Bogra, Jaydebpore, Pasumaiai, 
Midnapore and Bankura appear as red loam 
whilst the soils of Tellicherry and Bangalore as 
lateritic. 

Summary 

1. The mechanical compositions, base combin- 
ing capacities and buffer curves of profile 
samples of red soils collected from several parts 
of Bengal and Southern India have been exa- 
mined, The mineraiogical compositions of the 
fine sand fractions and the chemical composi- 
tions of the clay fractions have also been deter- 
mined. 

* 2. From general morphological considerations, 
the soils of Bogra, Jaydebpore, Pasumalai, 
Midnapore and Bankura . appear as red loam, 
whilst the soils of Tellicherry and^ Bangalore 
appear as lateritic. 

3. The percentages of clay fractions are fairly 
high in all soils except the Tellioherry profile 
samples, and in all cases except Tellicherry, the 
percentage clay content shove's a maximum value 
at an intermediate depth of the profile. In 
general the percentages of coarse sand fractions 
show minimum values at intermediate depths of 
the profiles. 

4. From the point of view of chemical 
compositions of clay fractions, none of the soils 
examined can be classed as laterhes. Most of 
the soils should be classed as red loam 
(SiOg/AlgOg of clay fraction> 2-00). 

5. The percentages of minerals in the soils 
vary widely. Soils of Bogra, Midnapore, Jay- 
debpore, Pasumalai and Bankura are found to 
be fairly rich in many minerals. 

6. On the basis of the variations of buffer 
capacities of the profile samples, the soils of 
Jaydebpore, Bankura, Midnapore and Bogra 
appear to be similar. 

7. From the variations of cataphoretic speeds 
of clay particles with different concentrations of 
sodium chloride solutions, it appears that the 
soils of Bogra, Bangalore and Pasumalai are 
similar whilst the sods of Midnapore, Jaydeb- 
pore, Tellicherry and Ban’ ura form another 
group of soils. 
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(With one 

It is commonly believed that an upward move- 
ment of water in soil takes place through 
bundles of narrow capillary tubes, but in case 
a layer of loose dry soil is formed at the surface 
the connection between the capillary tubes in 
the soil is broken off, and water from the sub- 
soil is unable to come up to the surface. Thus, 
the losses of soil moisture by evaporation are 
greatly reduced. Keen [1931] in his review of 
literature has rejected the capillary tube hypo- 
thesis, and has come to the conclusion that muleh 
does not conserve moisture, and cultivation merely 
helps in the removal of weeds which are respon- 
sible for desiccating the soil of its moisture. 
Much field experimentation has been done to 
study the effect of mulches on the conservation of 
moisture, but widely conflicting results have been 
reported. Kedzie [1889], King [1890], Chileott 
and Holm [1897], Fortier and Beckett [1912], 
Burr [1914], Harris and Bracken [1917], Harris 
and Jones [1918], MeCall [1925], Moomaw and 
Stoa [1934] and Kuznetsov [1937] maintain that 
soil mulch is effective in conserving moisture. 
Recent investigations carried out at Sholapur 
[1941] also support this view (the mulched plots 
containing about 30 to 35 per cent more moisture). 
Experiments conducted by West [1930] in 
Australia and Esselen [1937] in South Africa 
show that mulch has a very limited effect. West 
found that after a period of 30 clays the mulched 
plots contained 5*26 mm. of rain, water more 
than the unmulched plots, and^ after > period of 
23 weeks the difference was ec^uivalent to 3*39 
mm. of rain water. On the other haiici, Ghjlcoit 


t©xt-figure) 

and Cole [1918] summarizing the results of ex- 
tensive field experiments conducted by the office 
of Dry Lands Agriculture, Washington, conclude, 
that if weeds are not allowed to grow, the loss of 
moisture from mulched and unmulched plots is 
the same. Similar conclusions were arrived at by 
Rotmistrov [1913] Call and Sewell [1917], Alway 
[1918], Sewell [1919], Veihmeyer [1927], and more 
recently by Eksteen and Spuy [1941] and Pereira 
[1941]. 

Shaw [1929] by conducting experiments under 
controlled conditions showed that mulches were 
only effective if the water table existed within 
a depth of 4 ft. Where no water table is present 
within 6 ft. soil mulches are ineffective. Etche- 
wery and Harding [1933], have reviewed the 
entire experimental work on the effect of soil 
mulches when the water table is deep, and have 
reached the following conclusions ; 

1. In soils saturated with moisture (w;ater- 
logged soils), the mulch is effective in reducing 
evaporation. 

2. In soils having moisture in excess of field 
capacity but in contact with a continuous water 
table, soil mulch is effective only when the mois- 

. ture is excess of field capacity (soils having 
hard pen form a temporary reservoir of water). 

3. In soils where moisture was not in excess 
of the field capacity soils mulch was not effective 
in reducing evaporation. 

’With such conflicting evidences on the subject, 
it seemed necessary to carry out experiments with 
a view to stndy the effect of soil mulch on the 
conservation of moistpre, especially under epndi- 
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tions of low water table (60 to 70 ft.)* The im- 
portance of the problem is very great from the 
point of view of dry farming studies. In order 
to investigate the problem in all its aspects, de- 
tailed experiments were carried in the fields, 
in observation plots and in the pots at the Dry 
Farming Eesearch Station, Eolitak. 

Expebimental 

Soils. The soil of this tract forms a part of 
Indogangetic alinvinm and is very deep. The 
water table is at a depth of 60 to 70 ft. The 
surface soil is mediiim loam and is fairly nniform 
in composition. There are great variations, 
however, in the snb-soil which is comparatively 
heavy and consists of stiff clay or silty clay, the 
thickness and depth of which greatly varies. 
Sneh a great variation in the snb-soil is mainly 
responsible for the great heterogeneity which 
prevails in the soils of this tract. In order to 
eliminate this factor as much as possible experi- 
ments were laid out in randomized blocks, and 
each treatment was replicated six times. 

Moisture determinations were carried out in 
the usual manner by removing the soil samples 
with the help of an auger, drying them in weighed 
boxes at 105''-110°C. in an air oven, and expressing 
the loss of moisture as percentage on oven dry 
soil. 

Fielb expebiments 
Field experiment I 

The experiment was laid out in 1936, and was 
continued over a period of four years. The 
following four treatments, each replicated six 
times in randomized blocks were included : 

(A) Desi plough. (B) S. T. Harrow. (C) Un- 
stirred weeds pulled out. (D) Unstirred plots 
with weeds on. 

Each year all the plots were ^cultivated till 
the end of July or beginning of August, before 
giving any treatment. Plots under treatments 
(i) and {ii) were stirred with Dm plough and 
S. T. Harrow respectively, after each shower of 
rain of half an inch or more. In the third treat- 
ment the weeds were scraped off as soon as they 
made their appearance. In the fourth treatment 
weeds were allowed to grow. The size of a plot 
was l/9th of an acre, and from each plot samples 
for the estimation of moisture were taken from 
three different places. Sampling error has been 
calculated, and it varies from 9 to 3 per cent of 
the mean. It shows that three samples from 
each plot were adequate for moisture determina- 
tion. Each year first sampling was done at the 
time of giving treatments, and thereafter at 
fortnightly intervals. First foot was sampled in 
three sections, viz. 0-3 in., 3-6 in. and 6-12 in. 
except in 1936 when it was sampled in two sec- 


tions 0-6 in. and 6-12 in. till 23 September 
and in three sections on 12 and 28 October. 
Below the first foot samples were obtained in 
layers of one foot. 

1936. All the plots were cultivated on 1 August, 
when samples were obtained for the estimation of 
moisture. The results depicted as percentage 
on oven dry soil are given in Table I. From 
1 August to 10 September a total of 7*50 in. of 
rain was received. During this period there 
were no significant differences in the moisture 
content of the plots under first three treatments 
except in the lower laj^ers of the plots under 
weeds which contained slightly less moisture. 
These results show that there was no effect of 
cultivation on the absorption of rain water, and 
the preliminary cultivation given before 1 August, 
was adequate for effecting maximum absorption. 
Two more cultivations given after 1 August did 
not affect the absorption of rain water. After 
10 September there were no rains, and there was 
loss of moisture due to evaporation. Moisture 
estimated on 23 September showed that the 
mulched plots contained more moisture than 
the other plots to 3 ft. depth, but significant 
differences were observed only in the first 2 ft. 
layers. From 23 September to 12 October there 
were further losses of moisture, the loss decreasing 
with the depth. On this date there was more 
moisture present in all the layers of mulched 
plots, and the differences were significant. Before 
sowing gram, moisture was estimated on 28 
October and on this day also there was more 
moisture in the mulched plots (gains in 0-3 in., 
3-6 in., 6-12 in., 2nd foot and 3rd foot being 
1*11, 1*88, 1*50, 1*69 and 0*88 per cent, res- 
pectively). There was maximum retention of 
water in 3 in. to 12 in, layer of the soil. 

There was no significant difference between the 
moisture content of plots stirred with Dcsi plough 
or S. T. Harrow, hut average results show that 
there was slightly less moisture in the lower 
layers (6-36 in.) of the plots stirred with S. T, 
Harrow. There were no such differences at the 
close of rains on 10 September but they developed 
later on, and were maximum on 12 October. 

In the plots with weeds on, moisture was the 
same as in other plots under different treatments 
till 27 August, but on 10 September they con- 
tained less moisture in the 2nd and 3rd foot 
layers. Later on there were further losses, and 
on 28 October there was less moisture in all the 
layers. Total increase of moisture due to mulch- 
ing (A-C) and eradication of weeds (C-D) was 76*6 
and 88*8 tons per 3 ft. acre respectively. 

1937. After harvesting gram on 25 April all 
the plots were ploughed. Next ploughing was 
done on 16 July, and on 1 August all plots were 
stirred with S. T. Harrow. After this date no 
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Perc&wtage of soil moisture in mulched an^ unmulcked plots on different dates %n 1936 


[XIV 


■ Treatments,- 


Rainfall (in.) 


1-8-36 


10^05 


(A) Dmi plough . • . 

(B) S. T. Harrow . 

(C) Weeds pulled out 

(D) Unstirred with weeds on 

Observed P . . • 

Critical difference at 5 per cent 
S. E. per cent mean . 

6-12 in. 

(A) Ussi plough 

(B) S. T. Harrow 

(C) Weeds pulled out 

(D) Unstirred with weeds on 

Observed P . » • 

Critical difference at 6 per cent 
S. E. per cent mean . 

2nd ft. 

(A) Dm plough 

(B) S. T. Harrow 

(C) Weeds pulled out 

(D) Unstirred with weeds on 

Observed P . • • 

Critical difference at 5 per cent 
S. E. per cent mean , 

Srdft. 

(A) plough 

(B) S. T. Harrow 

(C) Weeds pulled out 

(D) Unstirred with weeds on 

Observed P . . . 

Critical difference at 5 per cent 
S. E. per cent mean . 


12*77 

13*22 

12*65 

13*43 

>•05 

2*6 


14-95 

16*08 

14*78 

15*70 

>•06 

*2-s” 


15- 95 

16- 27 
13-60 
16*48 
<•01 

1-39 

3*0 


14- 32 
12-92 
11-65 

15- 33 
<•05 

2-36 

5*8 


27-8-36 


6-31 


16-OS 

16-13 

15-21 

15-95 

>•05 

2*2 


16*20 

16-63 

16*10 

16-42 

>•05 

2*2 


17*30 

17*73 

17*03 

16*82 

>•05 


1*7 


17*17 

17*30 

16*38 

16*98 

>•06 

*4*2 


10-9-36 


1-19 


16-46 

16-30 

14-66 

16-18 

>•05 

3*3 


16*81 

16-71 

16-66 

15-16 

<•06 

1-21 

2-5 


17-64 

17-63 

16-70 

15-00 

<•01 

1-26 

2-9 


18*03 

17-88 

17-26 

16-28 

<•01 

1*06 

2*1 


23-9-36 


10-23 
10-40 
7*73 
6-32 
>-01 
1-47 
5*7' ■' 


13-93 

13-18 

12-13 

9-55 

<•01 

1-24 

3-3 


16- 76 
16*10 
14*97 
13*51 
<•01 

1*37 

2*9 

17- 47 
1G-4G 
15-88 
14*52 
<•05 

1-85 

3*7 


In. 

0-3 

3-6 

0-3 

3-6 

0-3 

3-6 

0-3 

3-6 

0-3 

3-6 

0-3 

3-6 

0-3 

3-6 


12-10-36 


5-21 

8-96 

5- 40 
8-72 

3- 92 

6- 83 
2-12 

4- 63 
<•01 
<*01 

1*00 

1*26 

7*9 

6*8 


11-47 

11-78 

10-08 

8-15 

<•05 

1-28 

4-3 


15-03 

14-47 

13-62 

11-41 

<•05 

1-90 

4-6 


16*86 

16*16 

15-41 

12-62 

<•01 

1*15 

2*5 


28-10-36 


4- 28 
8*26 
4*38 
8-38 
3-17 
6*37 
6-67 

5- 10 
<-01 ■ 
<•01 

0-90 
,1*47 
8*3 , 
7*0 


11*73 

11*93 

10-23 

8-44 

<•01 

1*68 

6*3 


15*08 

14*40 

13*39 

12*62 

<•01 

0*87 

2*1 


12*26 

15*84 

15*38 

13*13 

<•01 

0*79 

1*7 


cultivation was given to the plots under treat- 
ment (Hi) and (iv). First sampling for the 
estimation of moisture was done on 3 August, 
and afterwards at fortnightly intervals. The 
data are given in Table II. Before 3 August, 
there was 9*13 in. of rain, and due to it there 
was more moisture in the cultivated plots and 
those cultivated with- Desi plough contained 
the highest. From 1 to 19 August there were 
no rains and there was loss in moisture from the 
entire 3 ft. column of the soil. In 0-3 in.- .layer 
of the mulched plots there was more moisture 


than unmuiched plots, though in the lower layers 
there was no difference. On 29 and 30 August, 
there occurred 0*96 in. of rain, and moisture was 
estimated on 1 September. There was no 
difference of moisture in the plots under first 
three treatments, though in the plots with weeds 
on there was less moisture. From. M to 16 
September 2*26 in. of rain were received, and 
this caused an increase of moisture in the entire 
3. ft. column of the soil. Moisture estimated 
on 20 September showed that there was no 
difference in the first 3 in. of the plots imder all 
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the treatments, thoiigii ill the lower layers there 
was less moisture in the plots with weeds on. 
^ From 20 September to 18 October there were no 

rains, and there was loss of moisture due to 
evaporation. Maxim took place in 

0-3 in. layers. Losses from the lower layers 
were less, and there was no loss of moisture 


below first foot. On 4 October in the first 12 in. 
the- mulched plots contained more, ^ moisture 
than in the uiimulched ' plots without, , weeds, 
■On 18 October, before .sowing of gram crop there 
was more moisture in the first foot layer of the. 
mulched plots. 


Table II 


F&rctntagt of soil moisture present in mulched and unmulcked plots on different dates in 19 3 f 

(Soil moisture as percentage on oven-dry soil) 


Dates 

(3-8-87) 

(19-8-37) 

{1-9.37) 

i , 

1 (20-9-37) 

(4-10-37) 

1 

i 

1 

i 

(18.10-87) 

0-3 in* 

Rainfall (in») . . . . . 

9*1S 


0-96 

3-26 

! ■■ 


(A) Dew plough . . . . . 1 

4*95 

4-90 

7-52 

13-00 

5-92 

6-62 

(B) S. T. Harrow . 

3*26 

5-26 

7-86 

11-73 

6-61 

7-17 

(C) Weeds pulled out . . ... 


4-04 

7-31 ‘ 

10-78 

5-73 

4-64 

(D) Unstirred with weeds on 


3-64 

6-51 

10-08 

5.49 

4-06 

Observed P . 


<■05 

<•06 

>•05 

<•05 

<•01 

Critical difference at 5 per cent 


1-06 

0-86 


0*94 

0-S7 

S. E. per cent mean . 


8-1 

3-9 

4-8 

6-6 

5*6 

3-6 in* 

(A) plough . . 

14-35 

7-87 

9-73 

14-63 

10-17 

9-44 

(B) S. T. Harrow . . . . . 

13-00 

8-04 

10-03 

14-60 

10-30 

9-89 

(0) Weeds pulled out . 

ll-OL 

71-24 

9*64 

13-66 

8-70 

7-76 

(D) Unstirred with weeds on 

11*22 

6-35 

7-73 

12-68 

7-93 

7-33 

Observed P 

<•01 

>-05 

<•01 

<•01 

<•05 

<•01 

Critical difference at 5 per cent . 

1*23 

0-98 

113 

1-29 

1-20 

S. E. per cent mean . 

3-2 

6*3 

3*5 

■ 2-7 

4*6 

4-9 

6-12 in, 

(A) plough 

15-48 

10-92 1 

11*38 

16*00 

1 1 

■"13:* 43 ■ 

12-61 

(B) S. T. Harrow . . . . . 

14-60 

11-46 

11*42 i 

15-66 

13-28:'' 

12-39 , 

(C) Weeds pulled out . . . . . 

13-70 

11-11 

11*58 

14*36 

: ' 12-42 ■ 

11-27 

(D) Unstirred with weeds on 

13-30 

9-41 

8*25 

12*97 

9-76 

9-27 

Observed P 

<-01 

<-01 

<•01 

<•01 

<•01 

<-0i 

Critical difference at 5 per cent , 

0-85 

1-15 

1-02 

2*9 

0-81 

0-99 

S. E. per cent mean . . . . . 

2-0. 

3- 8 

3^1 

1-28 

.1-3 ■,:-i 

2*9 

2nd ft. 





I 

I 


(A) Desi plough ..... 

16-12 

13*60 

13-52 

15-77 

15*19 S 

14-52 

(B) S. T. Harrow ..... 

14-66 

12-86 

13-33 

14-68 

14-29 

14-27 

(C) Weeds pulled out ..... 

14*05 

13-49 

18-23 

14*28 

14-07 

13*86 

(D) Unstirred with weeds on . . . 

14-60 

12-57 

10-92 

10-58 

10-30 

10*22 

Observed P ..... . 

<•05 

>•05 

<-01 

<■01 

<•01 

<•01 

Critical difference at 5 per cent 

1-36 

1-30 

3*9 

2-00 

1-49 

S. E. per cent mean ..... 

3*0 

’ 2-4 

3-4 

1-62 

4.9 

3-6 

3rd ft, 

(A) Desi plough ..... 

14*21 

12-68 

. 13-46 

14-30 

14-33 

13-84 

(B) S. T. Harrow ..... 

12-42 

12-60 

12*78 

13-10 

13*93 

14-05 

(C) Weeds pulled out . . . . 

14*03 i 

13-97 

14*05 

14-47 

14*70 

14-34 

(D) Unstirred with weeds on . . . 

14-74 

13-07 

12-73 

10*46 

11-02 

11*25 

Observed P ...... 

<-05 

>•05 

>-05 

<•01 

<•01 

< 01 

Critical difference at 5 per cent . . . i 


0*71 

1*24 

1*27 

S. E. per cent mean . . . . . j 

*3*6 

*8-6 

'8'*4 _ 

1*8 

S-0 

3*7 
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There wer© mo significant differences in the 
moisture content of the plots cultivated with 
Desi -plough, and S. T. Harrow except on 18 
October when there was more moisture in 0-3 in. 
layer of the soil cultivated with S. T. Harrow. 

Till 19 August, weeds removed moisture only 
from 2 ft. layer of the soil, but on 1 September 
they tapped from the third foot layer also. Later 
on more moisture was removed by the weeds, 
and there was further decrease in the moisture 
content of all the layers down to thud foot. 
There were no significant differences in the first 
6 in. of the plots from which weeds were removed 
and those with weeds on. Bulk of the moisture 
removed by the weeds came from 6 to 24 in. of 
the soil. 

During this year, there was significant increase 
only in the first foot layer of the mulched plots, 
the maximum increase in 0-3 in., 3-6 in. and 
6-12 in. layers being 2* 63, 2-13 and 1*12 per 
cent, respectively. The maximilm saving of 
moisture due to mulching (B-C) and eradication 


[XIV 

of weeds (C-D) was 35*9 and 149- 6 toiis per 
3-ft. acre. 

1938. After harvesting gram all the plots 
were ploughed on 2 April. The rainfall during 
this year was below normal, and was received 
in very small showers. Consequently, moisture 
in the soil remained very low. First saimpling 
was done on 3 August after a total rainfall of 
5*68 in. After this date no cultivation was 
given to the unstirred plots. Moisture was 
estimated on 28 August after 0*56 in. of rain, 
and again on . 3 September after 0 *92 in. of rain, 
On these dates the moisture content under 
different treatments was more or less the same. 
Next sa;mpiing was done on 19 September and 
during this interval no rain was received. Losses 
of moisture occurred in the first foot layer and 
the moisture content in three inches layer varied 
between 2*95 and 2*24 per cent which is below 
its hygroscopic coefficient. The results of mois- 
ture determination are given in Table III. 


Table III 

Percentage of soil moisture present in mulched and unmulched plots on different dates in 1938 

(Moisture as percentage on oven-dry soil) 



3-9-38 

19-9-38 

0-3 in. 

3-6 in. 

6-12 in. 

2nd ft. 

3rd ft. 

0-3 in. 

3-6 in. 

6-12 in. 

2nd 

3rd ft. 

A , *■ ■■ ■ . . 

7-64 

9 -49 

8-72 

9-44 

11*63 

2*27 

5-46 

7-73 

9-63 

li-56 

B . 

7'52 

9 *42 

8*27 

9*13 

11-88 

2-96 

6-88 

8-16 

9-54 

11-95 

C . 

6-60 

8-90 

9-30 

10-16 

11-86 

2*24 

6*29 

8-28 

9-90 

12- 16 

D . . . 

7-66 

10-14 

9-82 

9-72 

11-38 

2-34 

4-33 

6-63 

9-16 

11-03 

Observed P , 

>•05. 

> -m 

>•05 

>•05 

>•05 

<•05 

<•05 

<•01 

>•06 

<•06 

Critical difference at 











5 per cent . 



. , 



0*55 

0-92 

0-70 


0-77 

S. E. per cent mean. 

4-9 

5-9 

4*4 

8-1 

2-7 

7*3 

6-7 

3-1 

2*7 

2-1 


During this year there were no significant 
differences in the mulched and unmulched plots 
except that in 0-3 in. layer of the plots stirred 
with S, T. Hai'row significantly more moisture 
.was present than in plots under other treatments. 
In the plots under weeds there was less moisture 
in all the layers between 3 and 36 in. Loss 
of moisture due to weeds amounted to 54-8 tons 
per 3 ft. acre, 

1939. The experiment was laid out on 20 July 
and the total rainfall received up to that date 
was 4*54 in. Moisture was estimated on this 
date and afterwards at 7 tq 15 days interval. 
The results of moisture determinations are givep 
in Table IV. 

On 20 July there was no difference in the 
moisture content of the plots under all the treat- 
ments, From 20 to 27 July, no rains were re- 
ceived and there was loss, of moisture from the 
first foot layers. No appreciable difference was 
observed in the moisture content of the mulched 


and unmulched weeded plots, though decrease of 
moisture occurred in the plots with weeds on. On 
8 August, there occurred 0*62 in. of rainfall, 
and this caused an increase in the moisture 
content of the first 6 in. layer of the soil. There 
was no significant difference in the mulched and 
unmulched weeded plots, but in the plots with 
weeds on there was less moisture. From 9 to 
19 August no rains were received, and during 
this period there was more moisture in 0-3 in. 
layer of the mulched plots, but in the lower 
layers there were no significant differences between 
the mulched and unmulched weeded plots though 
the moisture content was greater than the plots 
with weeds on. Between 4 and 18 September there 
were 1*38 in. of rain and this caused an increase 
in the moisture content of the first 2 ft. layer of 
the soil. There was no difference in the moisture 
content of the mulched and unmuiched weeded 
plots except that there was more moisture in 
0-3 in. layer of weeded plots. In the plots with 
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weeds on there was less moisture in the entire 
three feet column* Mnal estimation of moisture 
was carried out on 10 October before sowing barley, 
when there was more moisture in the first foot 
layer of the mulched plots than in the mulched 
weeded plots, though in the lower layers it was 
more or less the same. 

Weeds had removed moisture from the entire 
3 ft. column of the soil, and the plots with weeds 
on contained less moisture throughout. 

During this year increase due to mulch (A-C) 
was significant in the first foot layer only, increase 
in 0-3 in ', 8-6 in. and 6-12 in. being 0*78, 0*84, 
and 1*84 per cent respectively. The total in- 
crease due to mulching . (A-C) was small, and 


amounted to 31 *05 tons per three feet acre. 
The moisture taken up by 'the weeds was large 
and the total moisture removed (C-D) from 
3 ft. column amounted to 160*5 tons per 3-ft. 
acre. 

Effect of weeds on soil moisture 

The results of the field experiments show that 
weeds generally desiccate the soil of its moisture. 
In top 3-ft. layer there has always been less 
moisture in the plots with weeds on than those 
without weeds. The gain of moisture due to 
removal of weeds in the year 1936, 1937, 1938 
and 1939 amounted to 88-8, 149*6, 54*8 and 
160 • 5 tons of water per 3 ft. acre, respectively. 


Table IV 


Percentage of soil moisture ^present in mtdched and unmnlchtd plots on different dates in 19S9 


Treatment 

20-7-39 

27-7-39 

9-8-39 

19-8-39 

26-8-39 

4-9-39 

18-9-39 

10-10-39 

Rainfall (in.) 

4*64 

•• 

0*62 

*• 


0*38 

1*38 

•• 

0-B in, 

(A) Desi plough 

9-89 

6*60 

10-04 

4-95 

3*38 

6*93 

10-66 

4-06 

(B) S. T. Harrow . 

8-96 

6-21 

10*18 

4-43 

3-72 

4-95 

9-68 

3-60 

(C) Weeds pulled out . . . . 

9-40 

6-72 

9-07 

3-86 

2-92 

4-35 

12-08 

3-28 

(D) Unstirred with weeds on . . 

9-31 

4*01 

8-76 

2-04 

1*29 

4-18 

9-61 

2-40 

Observed P . . . . . 

>•06 

<•01 

<•05 

C*01 

<•01 

<•01 

<•05 

<•01 

Critical differences at 5 per cent . 


1*23 

1*70 

1*06 

1*07 

0*66 

1*70 

0*70 

S. E. per cent mean .... 

6*5 

7*3 

6*0 

9*2 

12*4 

4*5 

6*7 

7*2 

8-6 in. 









(A) plough .... 

12-05 

8*35 

11*39 

7*67 

6*61 

7-31 

12-75 

7*06 

(B) S. T. Harrow . . . . 

11*97 

8*58 

10-62 

7*26 

6*34 

6-78 

11*07 

6-58 

(C) Weeds pulled out . . . 

H-64 

8*67 

9-94 

6-93 

6*68 

6-21 

12*02 

6-21 

(D) Unstirred with weeds on 

11-80 

6*99 

7*14 

3-81 

2-68 

4-84 

10-72 

4*06 

Observed P . . . 

>•06 

<•01 

<01 

<•01 

<•01 

<•01 

>•05 

<•01 

Critical differences at 5 per cent . 

... 

1*02 

1*88 

1*04 

0*94 

1*49 


0*30 

S, E. per cent mean . 

4-6 

4*0 

6-6 

6*6 

6*0 

7-9 

4-9 

1*7 

6-12 in. 









(A) De$i plough . . . ' 

11*66 

10*07 

11*67 

10*19 

7*76 

10*14 

12*45 ' 

9*74 

(B) S. T. Harrow . . • • 

10*43 

10*66 

10*78 

9*61 

8*93 

9*46 

10-63 ! 

9*26 

(C) Weeds pulled out . 

11*00 

10*48 

9-92 

9*73 

8*80 

1 8 •66 

11*35 ■ 

7*89 

(D) Unstirred with weeds on 

10*21 

7*92 

6*68 

6-68 

4*70 

I 6- 69 

8-31 ! 

6*79 

Observed P . . i 

>*06 

<*01 

<*01 

<*01 

<•01 

<•01 

<•01 

<•01 

Critical differences at 5 per cent. , 


1*32 

1*55 

1*49 

1*60 

0*96 

2*00 

1-28 

S. E. per cent, mean . 

6*9 

4*6 

6*0 

6*7 

7*1 

4*2 

6*2 

1 5*0 

2nd ft. 









(A) Desi plough 

11*05 

, . ■ 

11*96 



11-38 

12*15 

11*68 

(B) S, T. Harrow . . . 

10*19 


11*11 


« . 

10-36 

10-70 ’ 

11*01 

(C) Weeds pulled out . . . . 

10-80 


10-74 



10-36 

10-62 

11-65 

(D) Unstirred with weeds on . . 

8-87 

... 

7-70 



7- 06 

7-10 

: 7*86 

Observed P 

>-06 


<•01 


! 

<•01 

>*01 

<•01 

Critical differences at 5 per cent , 



1-26 


... 

1 1*09 

' 1-34 

1*07 

S. E. per cent mean . . . 

6-8 


3*9 



3*7 

4*4 * 

3*3 

3rd ft. 









(A) Desi plough .... 

11-41 





12-08 

, 11*60 j 

12-56 

(B) S. T. Harrow .... 

11-29 





i 11-87 

I 11-65 1 

12-37 

(C) Weeds pulled out . . . . 

11-36 





12-26 

Tl-10 i 

12-27 

(D) Unstirred with weeds on 

10-65 





18-76 

8-15 ; 

8*84 

Observed P . . . . . 

>•05 

■■ ',1 




<*01 

<•01 1 

<•01 

Critical difference at 5 per cent , 






0*94 

1-66 ' 

0*80 

S. E. per cent mean .... 

- ■' :: — - ■ " ' 

,1*6 j 



>*• 


i 2-2 

4-9 

4-7 


! 
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Further experiments were carried out to find from one plot while in the other they were allowed 

the amount of moisture removed by to grow. Moisture was estimated to 6 ft. depth, 

the vveeds from the deeper layers. Two plots and the results, are given in Table V. 

were laid out in field 78, weeds were scraped off 

Table V 

The effect of weeds on soil moisture 
(percentage on oven-dry soil) 


Depth 

1-8-37 

23-9-39 

13-2-40 

1 31-5-40 

16-9-41 

Wilting 

Without 

weeds 

With 

weeds 

Without 
weeds j 

With 

weeds 

Without 
- weeds 

With- 

weeds 

I Without 
^ weeds 

With 

weeds 

Without 

weeds 

With 

weeds 

coeffi- 

cient* 

. 

0-6 in. . 

15-08 

16-44 

8-02 

3-50 

14-78 

11-69 

3-66 

1-54 

6-40 

./:l,-74 

2-85: 

6-12 in. . 

15-50 

15-82 

10-92 

4-65 

15*61 

12-71 

7-86 

4*71 

8-19 

2-23 

3-45: 

2nd ft. 

12*67 

7-73 

10-58 

5-45 

16-88 

8-35 

12-44 

6-49 

10-89 

3-86 

3-32 

3rd ft. 

14-43 

9-93 

11-78 

6-62 

14-82 

8-35 

13-11 

7-71 

11-33 

5-19 

2-88 

4th ft. 

14-20 

10-60 

11-96 

6-96 

13-77 

6-95 

12*58 

7-64 

11-09 

5-79 

4-20 

5th ft. 

11-95 

10-79 

9-94 

4-93 

9-15 

4-70 

10*77 

6-15 

7-99 

3-84 

i 4-35 

6th ft. . 

9-01 

8-42 

8-59 

3-20 

7*31 

, 3-64 1 

8-22 

3*50 

5-78 j 

2-68 

2-19 

Average 

moisture 

12-93 

10*60 

10-39 I 

5*20 

10-35 

5-37 

10-48 

5-60 

9-06 I 

3-97 


Water re- 












moved (in.) 

■ 2- 

•63 

5-86 

6 

•62 

5- 

•51 

5 

•75 



* Wilting coefficient given in the last colnmn of Table V was calculated from hydroscopic coefficient by 
the formula of Briggs and Shanta [1912] 


A. Mulching manuring . 

B. Mulching no manuring 

C. No mulching manuring 

D. No mulching no manuring. 
Observed P. ... 
Critical difference at 5 per cent 
S. E. per cent mean 



27-10-40 



21-10-41 



20-10-42 


0-3 in. 

3-6 in. 

6-12 in. 

0-3 in. 

3-6 in.^ j 

6-12 in. 

0-3 in. 

3-6 in. 

6-12 in. 

3*84 

7-04 

10-52 

5-17 

8-11 

11-26 

7-10 

10-75 

12*90 

4-08 

7-47 

10-93 

4«97 

8*06 

11-25 

7-12 

10-86 

13-14 

3-09 

6-21 

10-18 

3-88 

7-49 

10-94 

5-86 

9-63 

12-17 

3-27 

5-97 

10-11 

3-80 

7-39 

10-87 

5*44 

9-20 1 

•65 

<•01 

<-01 

>•01 

<•01 

<•01 

>•05 

<•01 

<•01 

<•01 

0-60 

0-52 


1-01 

0-61 

0-53 

0-44 1 

0-69 

6-3 

2-4 

2^ 

7*9 

7-8 

3-6 

2*8 

1-5 j 

! 1-9 


On 18 September 1937, moisture was estimated Field experiment II 
two days after a shower of 2*62 in. of rain. In 1940 a complex experiment was laid out to 
Though the moisture in the first foot layer of the study the effect of mulching alone and in corn- 
plots with weeds and without weeds was the same bination with manuring on the conservation of 
yet in the lower layers there was 2*63 in. of soil moisture. There were four treatments, and 
more moisture in the plots without weeds. On each treatment was replicated six times. Farm- 
other dates except 31 May 1940 moisture was yard compost was added at 2^ tons per acre 
estimated six to seven days after the rains, but a month before the sowing of the crop. The 
on 31 May 1940 samples were obtained before experiment was conducted for three years from 
the onset of monsoons. Throughout this period 1940 to 1942. Moisture down to six feet depth 
the water removed by the weeds varied from 5-86 was estimated before sowing barley. As in the 
to 5*51 in. Weeds greatly desiccated the soil first experiment the first foot was sampled in 
of its moisture, which in the first foot on 16 three sections, 0-3 in., 3-6 in. and 6-12 in. Since 
September 1941 and 0-6 in. on 31 May 1940 there was no significant effect of different treat- 
fell below the wilting coefficient, while in the ments on the moisture content below first foot, 
lower layers it was about the wilting coefficient. moisture data pertaining to first foot only are 
^ given in Table VI. 

Table VI 


The effect of mulching and manuring on soil moisture 
(Moisture as percentage on oven-dry soil) 


EFFECT OF SOIL MULCH ON, CONSEEYATION OF SOIL MOISTUEE 


In each year there lias been more moisture 
in the mulched plots, and there^ was no effect of 
Farmyard compost on the conservation of 
moisture. In 1940, 1941 and 1942, there occurred 
11 -Ol, 11*31 and 24*92 in. of rain, respectively. 
Differences were significant in the first 6 in. 
layer in 1940 and 1941 while they were signi- 
ficant in all depths down to first foot in 1942. 
Increase of moisture due to mulch formation 
was about 33 per cent of the moisture in the 
unmulched plots. 

Observation PLOTS 

In the field experiments, the effect of mulch 
on the conservation of moisture was studied 
till the sowing of winter crops in October, and 
these being randomized experiments the effect 
of mulch on soils of varying mechanical composi- 
tion could not be studied. In order to investigate 
this aspect of the problem plots (33 ft. xlfi^ft.) 
were laid put in two fields representing the two 
extreme types of soil at the station, and moisture 
was estimated throughout the year. In each 
field, there were two plots, one was stirred with 
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spade to form soil mulch 3 in. deep, ' and the 
other was not stirred but weeds , were removed 
by scraping. Moisture was estimated, down... to 
2 ft. depth. The experiment was continued for 
a period of tw^o years, 1936-38. Each year the 
■first samplicig was done after the close of rains, 
in the month of September, and afterwards 
samples were obtained at seven to fifteen days 
interval. One bore was taken each time from 
each plot and the distance between two bores 
taken on two consecutive dates was 3 ft. The 
results of moisture determinations are given in 
Tables VIII (a) and (6). 

Texture of the plots. Plots 33 ft, long and 16|- ft. 
wide were laid out in fields 92 and 78. The 
surface soil of field 92 is medium loam, and con- 
tains 16*31 per cent of clay and 35 * 80 .per cent 
of silt, while that of the field 78 is light loam and 
has 9*25 per cent of clay and 24 *30 per cent of 
silt. The soil of both the fields tends to become 
heavy in the sub-soil, but in the lower layers 
of field 92 there is about 23 to 39 per cent more 
clay plus silt fraction than in field 78. Meohanioai 
analyses of both the fields to a depth of 3 ft. are 
given in Table VII. 


Table VII 

Mechanical composition of soil under mulched and unmukhed phis 
(Percentage on oven-dry soil) 


Depth 

Field 92 

Field 78 

Clay j 

Silt 

F. Sand 

G. Sand 

Clay 

Silt 

F. Sand 

C. Sand 

0-002 mm. 

0 • 02 mm. 

0-20 mm. 

2*0 mm. 

0 • 002 mm. 

6*02 mm. 

i ■ 

0*20 mm. 

2 - 0 mm. 

0-6 in. 

16-31 

35-80 

50*38 1 

Nil i 

9*26 

i 24-30 

65-38 

1*07 

6-12in. . 

21-65 

40-04 

38*25 I 

0*05 

13*50 ; 

1 19-32 ■ 

67*50 

1*59 

2nd ft. 

34*08 

32-58 

31*52 i 

0*53 

21*02 1 

1 22*36 

54-95 

1-08 

3rd ft. . 

39-92 j 

' " 1 

40-12 

16*59 I 

2*10 

23*04 j 

! ' 1 

i 26*88 

1 

51*95 

1*08 


1936-37. The data from this experiment 
support the conclusion drawn from the field 
experiments that soil mulch conserves moisture 
and over a certain period there is more moisture 
in the surface foot of the stirred plots than in 
the unstirred ones. The differences are more 
marked in the case of heavy soil than in the case 
of light soil. In the year 1936 there were no 
rains from 6 September to 5 December, During 
this period it was observed that there was more 
moisture in 0-6 in. layer of the mulched plots 
but the differences were more in the case of the 
heavy soil than in the light one. In the light 
soil the differences became very small in the 
beginning of November but these were stiU 
large in the heavy t5rpe. From 9 to 11 February 
4*31 in. of rain was received. Moisture esti- 
mated on 18 February showed that it was almost 


the same in the mulched and unmulched plots 
of the field 78 but there was slightly more moisture 
in 0-6 in. layer of the mulched plots of the field 
92. Later on, differences became more and 
there was always higher moisture in the mulched 
plots. In the light soil the differences became 
very small by the end of April but in the heavy 
type the differences were large and these existed 
till the break of monsoons in the beginning of 
June (Fig. 1). 

1937-38, In the year 1937, there were no 
rains from 16 September to the end of December. 
During this period, it was observed, that there 
was more moisture in the case of mulched plots 
of field 78 to the end of November, and in field 
92 till the end of December, when a shower of 
1*27 in. was recorded on the 1st of January. 
This was again followed by a dry period. Till 
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Eig. 1. Effect of soil mulch on soils of different texure (1936-37) 

moisture faetweeu the mulched and unmulohed plots were more marked 


April the difference in 
mulched and umnulched plots were small but 
later on differences became more marked and 
there was higher moisture in the mulched plots 
till the break of monsoonis. The results from 
these plots show that over a certain period there 
was more moisture in the mulched plots than in 
the unmulched plots. The differences this year 
were also more in the heavy type than in the 
light one. In the year 1936, when rains were 
more the differences of moisture between the 


than in the year 1937 when the rains were less. 

Pot EXPERIMENT 

A pot experiment to find out the optimum 
depth of the soil mulch which can effect maximum 
conservation of moisture was .started on 20 July 
1937. Treatments were (i) 2 in. deep mulch, (n) 
Ain. deep mulch, (w) 6 iii, deep mulch, and 
(iv) oontroL Pour replications 
treatment were arranged. 


of each 


Table VIII (c^) 

Moisture ^ercentuge affected hy mulching in soils of different mechanical composition 

(Moisture as percentage on oven-dry soil) 


! 8-9-36 

1 

16-9-36 

24-9-36 

3-10-36 

8-11-36 

27-11-36 

18-2-37 

1-3-37 

22-3-37 

23-4-37 

13-5-37 

4-6-37 

Rainfall (in.) 

L12 

0*07 

0*0 

0*0 

0*0 

0*0 

6*17 

0*0 

0*0 

0*0 

0*10 

0*21 

PIBLU No. 92 
0-6 in. 

Mulched 

Unmulched . 


18*16 

20*55 

12*71 

13*63 

12*99 

10*58 

12*16 

9*52 

10*33 

6*46 

6*09 

5*11 

21*88 

20*64 

17*27 

13*06 

10*66 

6*78 

9*07 

5*81 

7*91 

6*93 

8*55 

3*39 

6-12 in. 

Mulched 

Unmulched . 


18-51 

18*56 

16*62 

18*38 

16*24 

15*29 

16*37 

16*64 

15*67 

11*83 

11*44 

11*98 

22*35 

22*26 

19*33 

16*05 

16*64 

11*53 

14*65 

12*43 

18*78 

12*76 

15*10 

9*68 

2nS ft 

Mulched 

Unmulched . 


18*26 

19*11 

1 

17*46 1 
18*16 

17*35 

17*88 

17*62 

14*09 

16*54 

15*96 

13*97 

14*14 

20*51 

23*12 

20*28 

16*77 

19*14 

14*11 

19*90 

14*40 

19*26 
14*86. j 

' 16*24 

1 14*54,' , 

PIBLD No. 78 














0-6 in. 

Mulched 

Unmulched . 


16*66 

15*96 

8*91 

9*37 

8*73 

7*66 

7*81 

6*03 

6*28 
4*67 I 

6*47 

4-62 

14*00 

14*24 

11*31 

10*08 

7*13 

5*89 

6*13 

4*19 

\ ' 

3*93 
3*22 1 

3*60 

2*85 

6-12 in. 

Mulched 

Unmulched . 


16*34 

15*46 

10*80* 

12*24 

10*81 

10*01 

10*50 

10*24 

8*54 

8*21 

8*39 

8*33 

16*05 

15*31 

12*31 
12*63 1 

9*27 

9*98 

9*08 

9*76 

7*80 ' 
7*78 

7*09 

7*66 

2nd ft. 

Muldbed . 
Unmulohad . 


15*29 

13*73 

14*33 

13*68 

15*99 

13*46 

' 13*71 
12*24 

11*05 

11*40 

10*36 

10*26 

16*22 

15*15 

12*96 1 
13*45 1 

13*12 

11*54 

[ 11*81 
12*46 

11*88 

11*36 

7*56 

6*29 


mulch oh coKsiRyAfioN of soil moistuee 
TableVIII(5) 

Moisture permniage affected hy mulching in soils of different mechanical composition 

(Moistiire as percentage on oven-dry soil) 

19S7.S8 




1 18 - 9-37 

i 

27 - 9-37 

30 - 10-37 

2 - 12-37 

23 - 12-37 

3 - 1-38 

I - . 

14 - 1-38 

15 - 2-38 

17 - 3-38 

15 - 4-38 

■ 

16 - 5-88 

27 - 6-38 

7 - 6-38 

Eamfall (in.) 

z-m 

0*0 

0*0 

0*0 

0*02 

1*27 

o 

o 

0*22 

0*01 

0*0 

0*27 

0*0 

0*18 , 

jmm No . 

' O - CJn *' 

Mnlclied 

n 

■■ 18 -. 66 ' 

13*76 

8*97 

7*07 

6*48 

17*27 

11*52 

7*48 

6*82 

4*69 

3*67 

2*87 

:: 8*11 

Unmuiched 


16 -79 

8*53 

5*80 

4*68 

4*81 

15*75 

10*14 

8*04 

6*28 

4*94 

2*19 

2*23 

2*47 

Mulched . 


18*02 

15*90 

13*13 

12*22 

10*87 

14*44 

14*22 

U -59 

11*49 

9*16 

8*37 

6*94 

5*19 

Unmuiched ‘ 


15*96 

11*27 

11*20 

9*46 

9*68 

13*46 

32*66 

11*16 

12*86 

10*30 

6*55 

4*55 

■ 4 *-68 

2 ndjt . 

Mniched , 


14*20 

16*00 

13*30 

12*77 

12*33 

13*66 

14*07 

14*11 

12*77 i 

13*30 

10*65 

9*96 

10*40 

Unmuiched 

. 

15*74 

16*61 

14*56 

9*30 

10*32 

15*10 

16*00 

14-67 

13*14 1 

14*68 

11*67 

11*15 

9*90 

roii) No. 

78 



' 


















i 








Mulched . 


1 16*56 

10*97 

7*07 

6*63 

5*98 

14*46 

12*17 

6*87 

. 6*09 I 

5*87 

6*53 

4*79 

. 4 - 42 .^.' 

Unmuiched 


14*76 

9 * 48 

6*64 

6*40 

6*18 

15*00 

12*16 

6*08 i 

6*67 j 

4*16 

5 * 50 . 

3*62 

3-73 

C -12 in . 















Mulched . 


16*57 

13*85 

10*68 

8*98 

9*24 

12*69 

11*86 

9*96 ' 

10*29 

8*^0 

8*56 

8*88 

8*80 

Unmuiched 

• 

15*86 

12*31 

8*86 

8*69 

9*27 

13*86 

12*58 

8*68 ! 

9*19 

8*11 

7*93 

6*91 

7*84 

2 nd St , 

Mulched . 


17*21 

15*20 

12*09 

12*01 

11*57 

11*46 

11*64 

12*87 ] 

12*58 

12*28 

11*23 

11*47 

12*41 

Unmuiched 


14*22 

13*67 

11*47 

12*68 

12*96 

13*71 

12*47 

11*47 ! 

1 

^ 12*50 

12*18 

11*78 

10*87 

12*31 


Equal amount of water was added to each 
plot in the beginning, and pots were occassionally 
weighed. Losses from 20 to 26 July were the 
same from mulched and unmulched plots, being 
7*1 lb. On 26 July 1937 all the pots attained 
‘ watar ’ when they were stirred except the 
control pots which were kept unstirred. After 
the formation of mulch, losses from the mulched 
pots greatly decreased, losses from mulched and 
unmuiched pots on 9 August 1937 being 1*5 
and 4*3 lb., respectively. Later on losses from 
the unmulched pots began to decrease, and from 

Table 


13 October to 21 December, there were more 
losses from the mulched pots than from the un- 
mulched pots, the losses being 4*0 and 1*6 lb., 
respectively. The total loss of moisture was 
more from unmuiched pots than from mulched 
pots. 

To find out the distribution of moisture in 
pots under different treatments moisture was 
estimated on 13 October. For this purpose 
samples were removed in three sections, 0-3 in., 
3-6 in., 6-12 in. Average results of four repli- 
cations are given in Table IX. 

IX 


The effect of mulches of different depths on soil moisture 


Observed ; 



2 in. 

4 m. 1 

i 

6 in. 

Control 

p- 1 

i 

C, D. 

per cent 

0-3 in. 

7*59 

7*84 ‘ 

7*17 

2*97 

<■01 

3*76 

12*6 

3-6 in. . . . 

9*83 

10*18 1 

9*66 

8*09 

<•01 

2*08 

8*1 

6-12 in. . 

10*13 

12*96 i 

13*06 

9*98 

<•01 

2-48 

6*5 


The above data definitely show, that soil wilting coefficient, yet under soil mulch it was 
mulch helps in the conservation of moisture. 7*71 to 7 84 per cent. In all the layers, moisture 
Though in 0-3 in. layer of the control pots moisture under soil mulch was appreciably more than in 
had ffillen to 2*97 per cent which is below the the control pots. 
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When the effect of nnilches of varying depth 
is compared, it is ohserved that maximum con- 
servation is effected under 4 in. deep soil mulch. 
Under 2 in. soil mulch there was about 1’6 per 
cent less moisture than that under*4 in. or 6 in. 
soil mulch. Though there were no significant 
differences in the moisture conserved by 4 in. 
or 6 in. mulch but the average results show that 
there was more moisture under 4 in. mulch. 
These observations suggest that 4 in. soil mulch 
is the best for effecting maximum conservation 
of soil moisture^ and a shallow mulch is as good 
as a deep mulch, 

Disoussioh 

The work reported in the foregoing pages was 
carried out over a period of seven years, which 


recorded great fluctuations in the amomit of 
rainfall received from year to year. In summer 
1938, 6 • 73 in. were received, which is much below 
the normal (13-27), while during the same period 
in 1942, 24*92 in. were recorded, which is nearly 
double the normal. The results reported clearly 
show that in every year there was more moisture 
in the mulched plots, though the amount thus 
conserved greatly differed during different seasons. 
Increase of moisture due to soil mulch in every 
layer to 3 ft, depth, percentage moisture present 
in 0-6 in. layer of the soil at the close of monsoons 
in September, and rainfall are given in Table X. 

A correlation of moisture content in 0-6 in. 
layer and the water conserved in the same layer 
has been worked out. There exists a high corre- 
lation between the moisture present at the time 


Table X 

Increase of moisture in the mulched plots at the time of solving of crop 


Depth 

1936 

1037 

1938 

1939 

1940 

1941 

' . 

1942 

0-3 in 

I- 11 

1*08 

0-71 

0*78 

0*81 

1*17' 

1*78 

3-6 in. . * .* * 

1-88 

1*68 

0-69 

0*84 

1*50 

0-67 

1*66 

6-12 in. . 

1-50 

i-34 

0-12 

1*85 1 

0*82 

0*38 

0-94 

2nd ft 

1'69 

0*66 

0*36 

0-03 i 

0*21 

0*59 

0*71 

8rdft 

Moisture on 0-6 in. at the close of 

1 0-88 

r 

0-49 

0*20 

0*29 

' ' ‘ " I 

1*23 

1*90 

0*36 

rains . . . . • 

■ 16*46 . 

13*27 i 

8-61 

10-09 1 

11*21 

12*69 

17*07 

Bainfall in inches . . . 

1 17 *66' 

12*92 

6*73 1 

7*35 

10*91 

11*13 

24*92 

f 


of close of rains and increase in moisture due to 
soil mulch. The calculated correlation comes 
to 0 ‘ 8839 which is significant at 1 per cent level. 
In the years 1936 and 1942 when the rains were 
above normal and the moisture in 0-6 in. layer 
was 16*45 and 17-07 per cent respectively, 
increase of moisture due to mulching was more 
than in other yc^ars when the rains and moisture 
in 0-6 in. were less. In the year 1936 and 1942 
mulching effected increase in the entire 3-ft. 
column, though in other years its effect was 
. limited to first 6- or 12 in. layer. In the year 
1938 when there were 6*73 in. of rain, and moisture 
in 0-6-in. layer was 8 51 per cent, the significant 
increase was only in 0-3 in. layer of soil. The 
results show that the conservation of moisture 
by mulch depends on the moisture in the surface 
layer, or in other words on the rainfall received 
before tlio sowing of crop. The effect of mulch 
starts from the surface and extends downward 
depending on the moisture content. 

Leather [1908] developing on Brigg's [1897] 
hypothesis assumes that capillarity starts from 
the surface and gradually goes down as evapora- 
tion proceeds. Due to evaporation there is loss 
pf moisture from the surface and there curvar ' 


ture in water films. The curvature of the air 
water interfaces increases, and the moisture in 
surface layer is always in a state of tension, and 
in order to reduce its curvature it sucks water 
from the layer of soil beneath it. This layer in 
turn draws moisture from the layer immediately 
below it, and so does the next layer and so on, ^ 
until the suction pressure due to curvature of 
the air water interfaces, which decreases with 
the depth becomes so small that it can only 
draw negligibly small quantity of water from the 
next layer. This limit is put down as 7 ft. by 
Leather [1908], 3 ft. by Sen [1930], and 21 in. 
by Carbery and ChakJadar [1936]. The data 
obtained by ns shows that the depth from v^hieh 
water will be drawn to the surface depends on 
the moisture content of the soil. In 1938, when 
the moisture content of the 3 ft. layer was low 
(9-86 per cent), evaporation occurred from the 
first 6 in. only, though significant losses were 
obtained from the first 3 in. layer, and in 1936, 
when it was high (17‘43 per cent), there were 
losses from the entire 3-ft. column of the soil. 

Mulching retards evaporation, and it is only -i 
over a certain period that there is more moisture 
in mulched than in unmulched plots. Lower 
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limit to which moisture is reduced hy evapora- 
tion in soil depends on the mateorological factors 
and the nature of the soil* The unmuiched 
plots attain this lower limit earlier than the 
mulched plots. Under the conditions prevailing 
at Rohtak, there is more moisture in the mulched 
than in the unmulched plots over a period of 
two to three months. 

The mulch as already observed conserves 
moisture, and maximum differences due to it 
take place in the surface 6-in. Workers like 
Veihmeyer [1927], Alway [1918], and others 
obtained samples in sections of 1-ft., and perhaps 
for that reason they were unable to observe 
any appreciable effect of soil mulch. Veihmeyer 
[i&7] though maintained that mulching had 
no effect yet his experiments at Delhi with tanks 
under six inch mulch indicate that soil mulch 
effects conservation. The results of the ex- 
periments conducted by Esselen [1937], and 
Eksteen and Spuy [1941], in South Africa 
•learly showed that there was always more 
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moisture in 0-6 in. layer of mulched plots, but 
these workers do not consider these differences 
of any economic value. 

Value of mulch in the soils of EoMak tract 

The question now arises whether it would bg 
economical to maintain soil mulch wher) it ha 
been observed that soil mulch has limited effec^ 
only. Under these conditions the rains generally 
stop in the first week of September, and the 
winter crops are sown after the middle of October, 
If no mulch is produced, moisture in surface 
six inches, where seed is to be sown is greatly 
reduced and falls short of that required for good 
germination. Germination counts * were taken 
in the mulched and unmulched plots sown with 
barley in the years 1939, 1940, 1942 and results 
are given ir Table XI, 

♦ Germination counts were taken by Mr I. M. Bao, 
Plant Physiologist, for which authors are thanllul to 
him 


TableXI 

The effect of mulchmg on germimtion counts 
(Mean per unit of 4 adjacent rows each one meter long) 


■ 1 

■' 

Mulched 

Unmulched 

i Mulched 

Unmulched 

Mulched 

1 Unmulched 


24*6 

18*1 

64*6 

41*0 

i 67*6 

48*6 

Observed P . . . 

S. E. per cent mean 

. . ■ 

<•06 

6-6 

<■01 

9-7 

<•01 

7-8 


There has always been better germination in Yield data for five years are available and these 
the mulched plots and the differences have been are given in Table XIL 
statistically significant. 

, TABnE:XII , ’ ' 5 ' ; ^ 

Yields of grain in pounds per acre from muhhed and unmulched phis 


Gram Barley 

1936.37 ! 1937-38 1940-41 1941-42 1942-43 


Mulched Tin- 1 Mulched Un- Mulched Un- Mulched* Un- Mulched! Un- 
mulched mulched ^ ^ ^ ^ mulched | mulched j mulched 

880 397 329 250 892 713 423 I 266 1277 I 1006 


Observed P 


S. E. per cent mean. 
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Gram was sown in 1936 and 1937, and barley 
was sown in 1940, 1941 and 1942 and both the 
crops from mulched plots gave better yields than 
those from the iimnulched plots. In 1936 there 
was difference of 483 lb. per acre in mulched 
and unmulched plots, but in 1937 difference 
was small being only 791b. In 1936 sowings 
were done on 28 October and moisture present 
in 0-6 in. layer of the mulched and un- 
mulched plots was 6*5 and4*7 per cent respec- 
tively. In 1937-38 moisture in the mulched 
and unmulohed plots at the time of sowing on 
18 October 1937 was 7-78 and 6*13 per cent 
respectively. 

Moisture in the surface layer at the time of 
sowing in 1936 was lower than in 1937, especially 
in unmulched plots. Besides, mulching in 1936 
was more effective and it conserved 76*6 tons of 
water in throe feet acre as against 28*8 tons in 
1937. For these reasons the difference in yield 
of mulched and unmulched plots in 1936 was 
more than in 1937. The difference in the yield 
of barley in the year 1940-41 and 1941-42 were 
nearly the same, but in the year 1942-43, when 
mulching had conserved more moisture, difference 
in yields were also larger, • 

Under these conditions it has been observed 
that mulch during the rainy season is not much 
effective. Its effect is very much pronounced 
only after the close of rains in the month of 
September, After the close of rains one culti- 
vation is sufficient for the formation of soil mulch. 
Since 3 to 4 in. deep mulch is quite enough to 
bring about maximum conservation of soil mois- 
ture, country plough or any hoe or harrow, which 
can stir the land to a depth of 3-4 in., can be 
used for the formation of soil mulch. The results 
indicate that there is no significant difference 
.between the moisutre content of the plots culti- 
vated with S. T. Harrow or desi plough, and 
therefore a harrow can be used both for the eradi- 
cation of we.jds and mulch formation. 

Economics of soil mulch fokmation 

- It has been ■ seen that weeds remove about 
5 in. of water, and reduce the soil moisture down 
to 6 ft. depth to its wilting coefficient. This 
huge amount of w^ater is suffi.cient to produce 
about 500 lb. of hajra grain {Pennicetum typho- 
deum). It is, therefore, very necessary that the 
fields may be kept clean of weeds, and for this 
purpose they should be cultivated occasionally. 
The cultivation for removing the w'eeds can also 
form soil mulch, and consequently no additional 
expenditure is involved. 

SumiABY 

1. A study of the relative effect of soil mulch 
and .weeding on the conservation of moisture 


under dry farming conditions is presented. The 
subject being controversia], a thorough investi- 
gation was carried out under field conditions, 
in pots, and in observation plots at the Roiitak 
Dry Farming Research Station. 

2. The results show that soil mulch conserves 
moisture, and its effectiveness depends on the 
initial moisture content of the soil. About 33 
per cent more moisture is present in the mulched 
than in the unmulched plots. A correlation 
between the moisture in the surface 6 in. and the 
total moisture conserved has been worked out. 

3. Capillarity starts from the surface, so does 
the effect of mulching. Depth to which soil 
mulch can conserve moisture depends on the 
rainfall or moisture content of the soil. Generally, 
significant differences are found in the surface 
foot. 

4. Effect of soil mulch varies with the type of 
soil. It was more effective on a loam than on 
fine sandy loam. 

5. The results from pot experiment show 
that soil mulch about 4 in. deep conserved more 
soil moisture than 2 in. mulch and 6 in. mulch. 

6. Weeds remove moisture down to 6-ft. 
depth, and the water removed by them is equal 
to 5 in. of rainfall . 

7. Use of harrow for conserving soil moisture 
is recommended. It is as efficient as a plough, 
but does 3 to 5 times more work. 

8. The effect of soil mulch on the germination 
and yield of different crops has been discussed. 
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CONTEIBUTION OF CLAY, SILT AND SAND FRACTIONS AND ORGANIC 
MATTER OF SOME INDIAN SOILS TOWARDS THEIR BASE 
EXCHANGE CAPACITIES* 

By S, K. Mukhebjeb, M.So.,** Colloid Research Laboratoiy, University College of Science and 

Technology, Calcutta 

(Received for publieation on 7 May 1943) 


The base exchange capacity (b.e.o.) of a soil is 
the sum of the contributions made by its consti- 
tuents. Of the fractions obtained by mechanical 
analysis clay has the highest b.e.c. feilt and 
especially sand fractions have much smaller b.e.c. 
and the contribution of the latter is small. The 
gravel fraction also possesses some exchange capa- 
city although negligible compared to that of the 
others. The organic matter of the soil has general- 
ly a b.e.c. higher than the clay. The percentage 
of organic matter of Indian soils is usually quit© 
low but there are soils whose total exchange capa- 
city is so small that the contribution of the organic 
matter becomes appreciable. 

Turner [1932] calculated from his own data as 
also from those of Hissink, Oden, Kerr and others 
the contributions of clay and organic matter to 
the exchange capacity and obtained statistically 
significant correlation of the b.e.c. of soil with 
those of clay and organic matter. Gedroiz [1930] 

The results given in this paper were published in this 
Annual Report for 1939-40 on the working of the scheme 
of research into the properties of colloid soil constituents 
financed by the Imperial Council of Agricultural Research 
and directed by Prof. J. N. Mp.kherjee 

** Assistant Soil Chemist under the above scheme 
during 1938^39 


determined the b.e.c. of the soil before and after 
oxidation with HaOg and indicated the possibility 
of estimating the b.e.c.'s of the mineral and humus 
portions of the soil. Anderson and Byers [1931] 
have followed this procedure. Gedroiz [1930] as 
also McGeorge [1930] have shown that humus-free 
soils are affected very little on treatment with 
HaOs* so far as their b.e.c.^s are concerned. 
Waksman [1938} has given a full account of such 
measurements. In the present paper'^** the 
contributions of the different fractions and the 
mineral and organic constituents to the total 
exchange capacity of some Indian soils have been 
recorded- 

The following soils have been used : 


Lab. No. 


Description 

Burdwan Farm Soil, Bengal — 0-6 in. 

Black Cotton soil from Satara, Bombay- 
0-6 in. 

Kalyanpui* Farm soil, Cawnpur — 0-6 in. 

Suri Farm soil, Bengal — 0-6 in. 


*** Results of determination, of base exchange capacity 
of clay or clay plus organic matter have shown that their 
contributions do not fully account for the b.e.c. of the 
soil. (See Annual Report of the Working of the Scheme 
of Research into the Properties of Colloid Soil Consti- 
tuents, 1938-39). 



[XIV, 

Experimental Parker’s baiiuni acetate-ammoniiim chloride 

method [Parker, 1929] has been used. The 

Clay, clay silt and sand (coarse and fine amount of organic matter was determined from ^ 
together) were separated by dispersion according on oxidation with 6 per cent HgOg. The 

to the International soda-method [1933] but b.e.c. of the silt fraction has been obtained from 
excluding the pretreatment with H 2 O 2 . The difference between fhose of the silt clay 

gravel fractions were separated only from soils of clay alone and is found to be low. It has 

Nos. 20 and 25A. Care was taken to wash the been obtained as the difference between two larger 
sand and gravel fractions completely free from the quantities and hence it is liable to magnified 
finer fractions. Excepting the sand and gravel errors. 

fractions, whose b.e.c.’s were determined only The results in Table I show that even the 
after oxidation with HgOj, each fraction was coarser fractions of the black cotton soil have an 
divided into two portions, one was treated with appreciable b.e.c. It is interesting to note that 
OpercentHsOa while the other was not so treated, the organic matter of the soils differs widely as 
The sieved samples were similarly treated, regards its b.e.c. ^ 

' ^Table I ' 




fractions and in the soil has been calculated 
(Table II). The b.e.c^ of the organic matter is 
of the same order as that found by other investi- 
gators. The very low b.e.c. of the organic matter 
associated with the Burdwan soil and its clay ^lus 
silt fraction is, however, worthy of notice. 


Treatment with 6 per cent HgOj does not com- 
pletely remove the organic matter [Alexander and 
Byers, 1932 ; Mitchell, 1932] and it may also effect 
some change in the nature of the mineral complex. 
Neglecting these possible objections the b.e.c. of 
the organic matter in the different mechanical 


Table II 


B. e. c. in m. e. per 100 gm. organic 
matter obtained from 


Per cent organic matter from loss 
on oxidation with 6 per cent HiO* 


Clay Clay 4- silt 


Clay Clay 4- silt 


Black cotton 


Kalyanpur 


Burdwan 


Soil 


Percentage oi 



B.e.c. per 100 gm. oven-dried 

Clay 

sat 

Sand 

Gravel 

Org. 
matter 
in soil 

Clay 

Silt 

1 . 

Sand 

Gravel 

Org. 
matter , 

Black cotton . 

66‘7 

16*0 

11-a 

16-5 

3*6 

88*6 

4* 3 

6-8 

3.8 

363 

K^yanpur 

18-7 

20-9 

47 *0 

10*0 

0*7 

54*6 

6-7 

0-6 

0-09 

210 

Suri 

. 10-6 

17*0 


. .. .^ 

2-4 

37-3 

4-7 

"■ • V 

-• 

164 

Burdwan 

7-7 

3* a 


' 1 

1-0 

' 

41*7 

2-3 


•• 

100 


139 


It] Or.AY, SILT & SAND FP.AOTIONS AND ORGANIC MATTER OF INDIAN SOILS 

Table HI 


Eqwvalenl weight of organic: matter from 


Soil 

3 equivalent 
clay 

j Weight of 
! silt 

i ' . 

1 Clay 

i ■ 

1 ' 

[ Clay + silt 

Soil 

Black cotton .... 

1129 

23256 

216 

I 385 

: - ^ ^84 

Kalyanpur . , . . . j 

1 1831 1 

1 17540 

1 314' „ 

1 ' ,431 

476 

Burdwan . . . . . j 

, 2400 j 

21300 j 


i 1304 . 

1000 

Suri ■ " , 'j 

.2681 1 

1 

43400 

267 

I . 450' 

649 


Wide variations in the equivalent weight have been soil or the silt. 

recorded. The fractions contain particles of The contributions of oacjh of these fractions 
different sizes and the finer fractions are expected towards the b.e.c. of the soil are givcui in Table TV. 
to show smaller equivalent weights if base exchange Their sum has been compared with the o]>serv0d 
capacity is restricted tq the interface. While this b.e.c. of the soil. The agreement is fairly satis- 
is possible for the inorganic constituents it is inter- factory and implies that the process of separation 
eating to find that the same appears to be also does not alter the base exchange properties of the 
true of the organic matter (Table II). Thus the constituents to any large extent and that the 
organic matter present in the clay fraction has manner of estimation of the organic constituent 
definitely a higher b.e.c. than that present in tfi^ is not altogether unsatisfactory. 

Table IV 


Soil 

1 Contribution of i 

1 . ■ - 1 

Total 
(calc.) I 

b. e. c. of 
soil (observed) 

Clay 

Silt 

j Sand 

Org. matter 

Black cotton . 


50*23 

0*70 


8*7 

60*40 

' 56*0 

Kalyanpxm 

. . 

10*20 

1*20 


1*4 

13*1 

11*8 

Suri 

* 1 

3*9 ! 

0*8 


1*5 

6*2 

5*6 

Burdwan 

. 

3*2 

0-1 


2*4 

5*7 

6*5 


The sum of the contributions made by the 
different constituents of the soil as determined 
separately has been found to compare satisfactorily 
with the b.e.c, of the soil itself. 
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Summary and conclusion 

The base exchange capacity (b.e.c.) of the clay, 
clay pliia silt, sand and organic matter of some 
Indian soils has been determined by the barium 
acetate-ammonium chloride method of Parker. 
The clay, clay plus silt and sand were obtained 
as in the mechanical analysis of soils but without 
pretreatment with hydrogen peroxide. The b.e.c. 
of each of these fractions (excepting the sand 
I whose b.e.c. was determined after treatment with 
hydrogen peroxide) was determined both before 
* and after treatment with hydrogen peroxide. 
From the difference in b.e.c. in the two cases and 
the percentage loss on ignition, the b.e.c. of organic 
matter was calculated. 

Of the different fractions of the soil, viz. clay, 
silt, sand and organic matter, clay makes the 
^ highest contribution to the total b.e.c. and the 
organic matter comes next. The percentage of 
organic matter is very small in the soils studied 
but its contribution is appreciable by reason of its 
high b.e.c. The contributions of silt and sand 
are quite negligible. 

The b.e.c. of organic matter has been found to be 
of the same order as obtained by other investi- 
^ gators. The organic matter associated with clay 
has a higher b.e.c. than that associated with either 
l^ilt Oi* soil. 






COMPARISON OP THE ACID EXTRACTS OP SOME INDIAN SOILS 
OBTAINED BY DIPPERENT METHODS^ 

By S. K. Nandi, M.Sc.** Colloid Research. Laboratory, University College of Science and 

' Technology, Calcutta 
(Keceived for publication on 7 May 1943) 

Analysis of the acid extract of soil is often method considerably detracts from th§ use- 
included in routine soil analysis. It gives some fulness of these data for purposes of soil systematics 
idea of the ' weathering ’ of soils and is also likely and soil classification [Russell, 1938]. A com- 
to provide criteria for differentiating them. Several parison of the more common methods is, there- 
methods are available for the preparation of the fore, desirable. The methods used in this work 
extract. Data on the acid extracts of Indian soils with particulars regarding the concentration of 
are no doubt available but comparison of acid ex- the acid employed, the soil/acid ratio and the 
tracts of different soils to be helpful should be done time and temperature of extraction, are given in 
by the same method. The lack of a standardized Table I. 

Table I 


The soils used have been described in Table II 


Table II 

Description of soils 


The two saline soils (Nos. 49 and 49 A) included In group A, the percentages of material soluble 
in group A have been studied using methods I, in HCl appear to be in the order I>II=III. 
II and III and in the case of the other four soils In group B the order is IV>II. The time 
belonging to group B, methods I, II and IV were of interaction of the soil with HCl in the first 
employed. The results are given in lables III three methods is in the order I>II=^in. 

Although the tim.e of interaction in II and HI 

is the same, the soil-acid mixture is put under 

reflux in the latter w^hereas in the former the 
soil is gently boiled with acid in a beaker. More- 
over the soil/acid ratio (Table I) is different in 
the two cases. 


* The results given in this paper were published in the 
Annual Keport for 1940-41 on the working of a scheme 
of research into the properties of colloid soil constituents 
financed by the Imperial Council of Agricultural Besearch 
and directed by Prof. J N. Mukherjee 

Assistant Soil Chemist under the above scheme 


■ ■ — ■ 

Concentration of acid 

Soil/acid 

ratio 

Time of 
extraction 

Temperature of extraction 

I. Bemmelen-Hissink . 

25 per cent . . 

25 

2 hours 

110®C. reflux 

IL A. E. A 

Constant boiling HCl (about 22 
per cent) 

10 

1 hour 

Gentle boiling in a beaker with 
a cover disc 

III. Signiond .... 

25 per cent . , . . 

25 

1 hour 

. 110®C. reflux 

V. Tri-acid digestion . 

Concentrated acids mixed in ’ 
certain proportions 

BO 

Digested until fumes of SOj cease to be evolved 


Lab. No. 

■ ■■ Soil 

Carbonate 
per cent 

pK 

20 

Kalyanpur farm soil 0-6 in. . . , . . . . . . . 

0;54 


46 

Fadegaon * B * type 0-12 in. . . . . . . . 

; 5*7 

8*6 

49 

Sakrand saline soil . . . . . . . . . . . . . 



49A 

Sakrand saline soil . ... . . . . . . , . .. 



65 

Higiiland acid soil from Gating, Assam, 0-6 in. . . . . . . 

m. 

5-0 

63 

Madras, Laterite . . . . .... . . . . . . 



£ ' 



' 


Table III 
Group A 

Comparison of different methods of EC 1 extract of soils 

(Values calculated, per 100 gm. of air-dry soil) 



142 

The results show that of the four methods 
which considerably differ in the process of ex- 
traction I, 11 and in give almost the same com- 
])osition of the acid extract with the different 
soils. The tri-acid digestion method (IV)^ however, 
gives definitely higher values for Al^Og, FogOg, 
CaO, MgO and K^O. This method thus appears 
to be more drastic than the other three. It may 
also he possible that some of the silicate B is 
dissoved by the hot concentrated sulphuric 
acid in the tri-acid treatment. Again it should 
bo noted from the results given in Table IV 
that the alkali soluble or combined SiOg in I 
and II, where 5 per cent KOH is used for the 
dissolution of separated silicic acid, are practicffly 
the same but in the tri-acid digestion method, 
where 2 per cent NaOH is used, the value is low. 
In the tri-acid digestion, where the total amount 


[XIII 

of the acid soluble material is higher than in 
others, the combined SiG 3 should consequently 
be higher. It is therefore possible that either 
2 per cent NaOH is not strong enough to dissolve 
the separated silicic acid or 5 per cent KOH is 
too strong and to a certain degree attacks the 
acid insoluble portion. 
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CYTOLOGICAL INVESTIGATIONS ON HEXAPLOID COTTONS 

By N. K. Iyexgab, Agricultural Research Station, Surat 

(Beeeived for publication on 26 -June 1943) 

(With 14 text-figures) ■ ^ 


Hexaploid cottons with 78 somatic chrorno- 
somes have been obtained by somatically doubling 
the chromosome numbers of the sterfie triploid 
hybrids (271=39) of (a) cultivated Asiatics and 
cultivated Americans, (&) wild Americans and culti- 
vated Americans, (c) cultivated Americans and 
G, Stmtii, m.d (d) cultivated Americans and G. 
anomalum, WsMTa and Peyr [Amin, 1940, 1^ 2 ; 
1941, 1, 2 ; Beasley, 1940, 1942 ; Harland, 1940 ; 
Iyengar, 1942], The hexaploids thus obtained 
showed much better fertility as compared with the 
corresponding triploids which are generally highly 
sterile. The above authors have also given a 
general morphological account of the hexaploids 
built by them.' Cytologically some information 
has also been obtained regarding the chromosome 
conjugation in some of the above hexaploids 
[Beasley, 1942; Amin, 1941, h; Iyengar, 1942]. 
In the present paper chromosome conjugation 
of eight hexaploids has been dealt with. As^ no 
information is available so far about the chromo- 
some numbers of the progenies of the hexaploids 
this aspect has also been studied. 

Mateeial and methods 

At the Agricultural Research Station, Surat, a 
number of hexaploids were obtained by treating 
the shoots of the triploid hybrids of cottop with m 


aqueous solution of colchicine, during the season 
1940, 1941 and 1942 [Amin, 1941, 1, 2]. The 
eight hexaploids selected for c^^tological study 
have the parentage shown in the statement , given 
on the next page. 

Flower buds were fixed either in acetic alcohol 
or in carnoy and the pollen mother cells were 
examined by iron-acetocarmine smear method. 
The slides were temporarily sealed for examination . 
Root tips were collected from the plants raised in 
pots and fixed in Craf ’ [Randolph, 1935]. 
Prior to fixation, the root tips were dipped for a 
moment in Carnoy. They were then sectioned by 
the usual paraffin method and stained either with 
gentian violet or crystal violet. All drawings were 
made with the aid of a camera lucida, drawn at 
bench level using a 1*8 achromatic objective and 
X15 and X20 compensating oculars. 

MeIOSIS Iisr THE H^APLOID INVOLVING CULTI- 
VATED Asiatics and cultivated Americans 

2 [(AD) A] 

Hexaploid S, 28-1. 2 [(AD )1 Al]. The tri- 
plojd shoot of this hybrid which has the formula 
(AI)) 1 * Al, showed the following conjugation of 
chromosomes at metaphse I (Table I). Fig. i 
show^^ 14 1+9 11 + 1 Ili+ 1 IV at metaphase L 


OYTOLOGICAL INVESTIGATIONS ON HEX APlAlTP COTTONS 


Pmentage 


H exaphid 


Species with chramosomes 


(?. herbaceiim L, var frutescens- 
Delile (Surat 1027 A. L. E.) 

.. . .... 2 Al* 

Ditto . I 


Species with 26 chromosomes 
{Otthivaied Americans) 


G, hirsuium L 
{Coimbatore 2) 


G.. harhadense I* 
(Sea Island) 


.2 (AD)1 


S. 34—1 
39—1 


Ditto ........ 

G, arboreum h 


Ditto ........ 

G, hirstitum L 
(Uganda 4) 


.2 (AD)2 


Wild American (ultivated American. G, thwheri Tod 


O, barbadense D 
(Boss 111-16) 


.2 (AD)1 


G^ armouriamim Kearney 


G. harhadense L 
(Sea Island) 


.2 (AD)2 


Wild African cultivated American . G, anomahim Wawra and Peyr 


G , hirsutum L 
(Coimbatore 2) 


. 2 (AD)2 


G, harhadense L 

(Sind Sea island 2-4) 


.2 (AB)I 


.2(AD)2 


^Genom symbols Al, A2, (AD) 1, etc. used in this paper are after Beasley [1940,1242] 


Table I 

Chromosome conjugation in triploid 828-1 


Chromosome configurations 

Number 

of 

Univalents 

Bivalents 

Trivalents 

Quadri- 

valents 

Pollen 

mother 

cells 

13 

13 



2 

13 

11 


I 

3 

13 

9 

1 * ' ' 

2 

3 

18 

10 

2 


3 

14 

9 

1 

1 

1 

14 - 

11 

1 


1 

15 

12 



3 

15 

10 

0 

i 

1 

16 

10 

1 

... 

1 

12 

12 

1 


2 

IS 

9 

3 

... ■ 1 

1 

11 

11 

2 

•*' 

1 

Total 294 

236 

16 

11 

22 

Mean . 13*36 

10*73 

0*73 

0*50 



valents are found rarely in Beasley’s [1942] and 
are absent in Webber’s [1935, 1939] and in tbe 
present data. These indicate that chromosome 
conjugation in the allotriploid under study is 
influenced also by other factors than homology. 
The means of the chromosome conjugation of such 
allotriploids studied by the workers quoted above 
are given in Table II. 

Table II 

Mean chromosome conjugation in the tfiploid 
hybrids between American and Asiatic cottons 


The above analysis is in agreement with the data 
of Webber [1935, 1939] and of Beasley [1942] but 
differs from the data of Skovsted [1934]. Accord- 
ing to the latter, 13 I and 13 II are not seen, while 
the analysis of Webber [1935, 1939] shows that 

this combination forms the mode. But Beasley’s 
[1942] results and the present analysis show that 
such a combination takes place only rarely. 
According to Skovsted [1934], univalents are al- 
ways 13 and above. But Webber's [1935, 1939], 
Beasley’s [1942] and the data on hand show that 
occasionally univalents less than 13 aro often 
formed. Skovsted [1934] gets very frequently 
pentavalents and hexavalent-s, Such higher snuJti^- 


^ Awthor 

Mean chromosome con jugation 

Uni- Bi- ; Tri- 

val- val- ! va- 

ents ents j lents 

iQnad- 
: riva- 
j lents 

Penta-j Hexa- 
: va- 1 va- 
lents i lents 

Skovsted [1934] . . 

14*43 8*43 1 1*03 

' 0-C53 

1 0*25 j 0*51 

Webber [19353 . 

13*71 ^11*94 

' 0*35 

{ ... i .... 

—[19393 . 

13*22 !i2*74 1 0*10 

1 

j ... 

i ■ ' j ' , 

Beasley [1942J . 

13*03 ■ 0*92 0*10 

1*3C 

; 0*0,5 0*03 

Present data 

13*30 10*73 i 0*73 

. I' 

i 0*05 

1 ... 


It is seen that there is a great uniformity in the 
values so far as the univalents are concerned. 
According to Skovsted [1934] and others, the 13 
univalents probably represent the wild American 
component of the cultivated American parent and 
the bivalents and multivalents represent the two 
Asiatic sets present in the allotriploid. The 
differences in the mean number of bivalents and 
multivalents seen in the above table indicate 
different degrees of autosyndesis. 
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^ ^ a\ ^ 


Fig. 1 


• v« 

m*t , 

• « • 


X 


# 

V.* 


0 ^ d 


«»* • 


•5?>- 

t 




Fia. 2 


Fi©. 3 


Fia. 4 



^1 


XK^iSi'far.,, 


Fig. 6 



# # 


'’#sv 


Fig. 8 


t 

Pig. 9 



Fig. 10 


Fig. 1. Metaphase I la triploid S. 28-1 showing 

Fig, 2. Metaphase I in hexaploid S. 28-1 showing 3 14- 30 11+ 1 III+3 IV 

Fig. 3. Metaphase 11 in hexaploid S. 28-1 showing 39 chromosomes in each plate 

Fig. 4. Metapbase 11 in hexaploid S. 3M showing 40 chromosomes la one plate and 38 in the other 

Fig. 5. Metaphase I in hexaploid S. 31-1 showing 40 bodies (41 + 3411 -f2III) 

Ftg. 6. Metapbase I in hexaploid S. 34-1 showing 3 I-f 31 11+3^1^^^^^^ 1 IV 

Fig, '2^. Metaphase I in hexaploid H. 39-1 showing ^1+^0 11+3 IH+S IV +1 V . « tt 

Fig. 8. Metaphase I in the triploid <!?, harhcdense (Boss III-16) xO.^urhen F. 1. showi g 13 I and II 

Fig 9 Meta&iase I in the hexaploid Q. harbademe (Boss 111-16). X G. thtirhen F. 1. showing 35 II and 2 IV 
Fig lb. Metaphase I in the hexaploid (?. harhodense. (Bangalore Sea Island) xG. armour tcmum showing 31+30 

ii+im+3iv . _ _ 

B. All drawings aife made from temporary acetocarmine smears ( X 11®7) 
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Fig. 13 Fig. 14 


. Fig. 11. Metapbase I iii the triploid <?. barbadense (Sind Sea Island 2-4) X €h anomalttm 1. showing 25 
and7II 

Fig. 12. Metaphase I in the hexaploid G. barbadense (Sind Sea Isknd 2-4) x G. anomalutn showing 39 II 

Fig. 13. Metaphase I in the haxaploid C'. hirsutum (Coimbatore 2) xG. anonialum showing 6 1+33 Ii+2 III 

Fig. 14. Anaphase I in the hexaploid G. barbadense (Bind Sea Island 2-4) x G\ anomalum showing three bridges? 
one is broken * 

N,B, All drawings are made from temporary acetocarmine smears ( X 1187) 

Chromosome conjugation of the hexaploid S. But the number of quadrivaients as mentioned 
28-1 is given in Table III. Fig. 2 shows the above and as reported by Beasley [1942] is much 
chromosome conjugation at metaphase I. In lower on the whole. Beasley states, “ the amount 
the analysis, it is seen that the univalents are very of chromosome differentiation evidenced in the 
few and range from 1 to 3. The proportion of triploid has considerable influence on chromosome 
bivalents is high. Trivalents and quadrivaients pairing, for the number of quadrivaients is much 
are met with in all the cells and often hexavalents less than would be expected if four identical sets 
are seen. Though the mean number of quadriva- w^ere present. Associations of more than four 
lents is low (3*58), in individual cells their number chromosomes not structurally alike wdll sometimes 
is high (range 0-7). Beasley [1942] figures a pair even though completely homologous chromo- 

metaphse I, which shows many bivalents and some somes are present ; this is known, however, from 

univalents and multivalents. As no analysis is pairing in natural species.’’ 

: given, his results may be similar to the data Anaphase I -was clean in many cells. Lagging 
presented in the paper. But one significant point univalents were however noticed in many cases, 
has been mentioned by hiin which is in agreement In the figures analysed by Beasley [1942] lagging 
with the data on hand. On the assumption that chromosomes, bridges and fragments are common, 

> the chromosome formula of the hexaploid analysed but the number of these in a given anaphase is 

I by him and by the author is 2 [(AD) 1 Al],. the usually one or two. According to him counts of 

four A sets should form quadrivaients on the basis two anaphase cells showed 40/38 and 40/40 distri- 
of homology. One should expect 13 11 and 13 IV. bution. 
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Table III 

Chromosome conjugation in the heXaploid involving cultivated American and Asiaiic cottons- 



CiiTomosome configurati ons 




Hexaploids 


1 

Total 

Univaleixte 

Bivalents 

Trivalents 

Quadri- 

Penta- 

Hexa- 

S. 

S. 

S. 


numbar 

of 




valents 

valents 

valents 

28-1 

31-1 

34-1 

39-1 

P.M.C. 


10 


4 


4 




' 1 ' 

1 

'-I 

.20 

3 

5 

i 


, . 



1 

1 


22 


7 


i 
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■ 3 

24 

i 

6 



1 
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'"2. 

24 
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, 2 




■■.',■■.■■■■ 2 . ■■ ■ 

1 

25 
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..'.■■■■..■I 

. . 

27 

* . 

0 
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27 

, 5 

2 



1 




1 


28 

2 

4 

, 


1 




1 . 

2 

.28 


5 



1 




1 

3 

28 

i 

1 


2 




i 

1 

■ 3 . 

28 

1 

4 



i 




y 

3 ' 

30 

1 

3 



1 




i 

7 

30 

1 

2 



1 




i 

1 

31 

1 

3 






i 

1 

3 

31 

3 

1 
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1 

;2 

32 


3 
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32 

! 2 

2 
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3 

. ‘i'. 

32 

1 
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33 
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33 
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33 
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33 
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I 
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33 
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34 

r ' '^’2 
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34 
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*2 
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34 
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‘i 
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35 


. :'„2' ■ 




. . 



1 

*5 

35 

1 
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1 



I 

1 

35 

1 

i 



! 1 

» • 


3 

1 

» . 

36 

2 

* m 




1 



2 

1 

37 

1 




1 *2 


3 


' 5 


37 


i 



! 

*• 

1 


1 

Gr. total 77 

1490 

52 

115 

T 

11 

24 

8 

8 

8 

! ■ 48 

Gr. mean 1 • 60 

31*04 

1-08 

2 •40 

0-02 

0-23 
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Table TH—corOd. 


Hexaploids 


■ Univalents 
Bivalents . 
Trivalents 
Qnadtivalents 
Pentavalents 
^ Hexavalents 

r Univalents 
Bivalents * 

I Trivalents 
j Quadiivalents 
BentavaJents 
i. Hexavalents 


I 

S. 28-1 

S. 31-1 

S.34-1 

39-1 

8X 

25 

9 

12 

708 

273 

281 

228 

21 

11 

11 

9 

86 

6 

6 

10 

... " 



1 

3 

... 

... 

8 

1*29 i 

3*13 

1*13 

1*60 

29*60 

84*18 

86*18 

28*60 

0*88 

1*38 

1*88 

1*13 

3*68 

0*63 

0*63 

2*3$ 

... 


■■ ■ 

0*13 

0*13 

... 

... 

1*00 



: — - . 




Metaphase II, in the hexaploids under study, 
showed plates where chromosomes ranged from 


34 to 42 (Pigs. 3 and 4). Bridges were also noticed 
at this stage. The resulting sporads showed 
abnormalities. Of the 60 sporads counted, in 30 
eases the sporads had 4 cells of more or less equal 
size. In the rest they were of variable sizes. 
Dyads were fairly frequent. 

Table III also gives the chromosome conjugation 
in the hexaploids S. 31-1, S. 34-1 and 39-1. Pigs. 
5, 6 and 7 show the chromosome conjugation at 
metaphase I. 

Meiosis in the hexaploids involving wild 
Amebioans and cultivated Americans 
2 [(AD)2 Dl)] and 2 [(AD) 2D2] 

The parents involved in the hexaploids under 
study have been previously described and they 
have the general formula 2 [(AD) D], The 


(^VTOi^OGlCAl. IN\;H.STI({ATiONr HEXAPLOir) COTTOXS 


tripioid hybrid ^Yhieii has a chromosome formula 
(AD)2 Dlj sets l.)oiLs occasioiially, but the hexa- 
ploid is much more fertile. Webber [1930] also 
obtained sortie setting in the tripioid hybrid. 
"J able IV gives tlio chromosome conjugation of the 
trijiloid h}d)rid under stiKly. 

Table, IV 

Chromosome co^ijugation in the tripioid hybrid 
bettreefi fh bcrbadei:s.e and G. thiirberi 


Cin'ornosorne configurations 

j Number of p.m.c. 

Univalents, 

1 Eivalents 

Trix’alents 

' , 

13 

: . 13 


' 20 

15 

12 

, , 

i 5 ' 

17 

11 


1 1 

12 

12 

i 

1 2 

.11 ■ ■! 

11 

2 i 

‘ 1 ' , 

11 

14 

1 

1 

,' 39S 1 

380 

4 1 

30 Total 

13-27 

12*67 

0*13 1 

Mean 


Fig. 8 shows 13 univalents and 13 bivalents at 
metaphase I, The above analysis is in agreement 
with the data presented by Webber [1939] for 
the tripioid hybrid G, hirsutum X G. thurberi, F. 
V where the mean conjugation was 13*06 1+12*07 
11+0 *18 III. The mode obtained by him is also 
13 I and 13 II. The means of the conjugations of 
Skovsted’s [1937] tripioid hybrids between 0, 
barbadense x G. thurberi and G, hirsutum and G, 
thurheri which are somewhat fertile, are 12*71 
+12*4 11+0*5 III and 13*5 1+12*45 11+0*2 
III respectively. There is a close agreement in all 
the analyses. A similar result is also obtained by 
Beasley [1942]. 

The hexaploids 2 [(AD) g D J obtained by doubl- 
ing the chromosome numbers of the tripioids 
(AD) 2 Di, shows bodies ranging from 30 to 39 at 
metaphse I. Fig. 9 shows a metaphse I with 35 
II and 2 IV. Table V gives the analysis of chromo- 
some conjugation at metaphse I. 

Compared with the hexaploids dealt in the earlier 
part of the paper, meiosis in the hexaploid under 
study appears to be a bit. more regular. The range 
of quadrivaients is from 0 to 6 but the mean 
number of quadrivaients is much less than ex- 
pected. 

In many cells, no laggards were noticed at 
anaphse I and anaphse II. In some cells bridges 
were noticed at anaphase I. In some anaphases 
only fragments were noticed. 

In the hexaploid involving cultivated American 
and G. armourianum, 2 [(AD) 2 D 2 ], the chromo- 
some conjugation is more or less similar to the 
hexaploid dealt above. Univalents are commonly 
seen (1 or 2) in most of the cells examined. Tri- 


Table V 

Chronnosome conjugation in the hexaploid mvahmig 
G. barbadense and G. thurberi 


Chromosome configurations 


Uiiiva- ! Biya- a’riva- ! Qiiadri- , Pentfi- j lioxa- 
lents I louts lejits valeiits valents ! valents 


Niimber 
of p.ni.o. 


valents and quadrivaients are also met with 
Table VI gives the analysis of the chromosome 
conjugation in this hexaploid and Fig. 10 shows a 
typical conjugation at metaphse I. 

Beasley [1942] records in the hexaploid of G, 
hirsutum X G. harhnesii, univalents, trivalents 
associations of three or four chromosomes or a 
combination of the three and at anaphase I one 
or more bridges. He finds a more normal chrom- 
some behaviour during the meiosis of this hexa- 
ploid than the hexploid 2 [(AD)1 AI], of American^ 
26 and Asiatic- 13 chromosome species. 

MeOISIS m THE HEXAPLOID INVOLVING WILD 
AeBICAN G. A Wawba and Peye, 
AND CULTIVATED AMEBIOAN. 2 [(AD) B] 

In the tripioids of the constitution (AD)B, the 
data of Webber [1939] and of Skovsted [1937] 
do not agree. The former gets 18*12 1+10*32 
II + 0*08 III in one hybrid and 17*18 1+10*48 
11+0*11 III in another hybrid, while the latter 
gets 33*1 I and 2*6 II, Beasley [1942] on the 
other hand gets 8 * 9 II in his analysis. The author 
of the present paper finds the following averages 
for the two hybrids analysed. 

G, hirsutum (S. G. 2SISxG. anomaluni F, 1. 
227-41+52 11+0*17111. 
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G, harhadense (Sind S. I. 2-4) xG'. anomalum F. 
l-~~25-4 1+6*4 11+0*2 111+0*05 IV. 

Thus, the tripioids of this constitution show high 
variability in chromosome conjugation. Fig. 11 
shows 25 I and 7 II in' the triploid hybrid G, 
harhadense (S. I. 2-4) x G. anomalum. 

Table VI 

Chromosome conjugation in the hexaploid involving 
G, barbadense and G. armorianum 


Chromosome configurations 


XJniTalcnts 

' Biva- 
. lents 

Triva- 

lents 

Qnad- 
i riva- 
lents 

Pen- 

tava- 

lants 

■f 

iHexa- 
1 va- 
1 lents 

p p.m.c. 

3 ' 

23 

2 

3 

1 

I 1 

1 


26 


5 


i ' 1 

1 

3 

00 

1 

4 
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i ':•** 

1 

■ 4 ■ 

29 
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7 

30 

1 

2 



1 

4 

1 30 ’ 

1 

2 
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1 

3 
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1 
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1 

, , 5 

i . 31 

1 

2 . 



1 

2 

31 
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1 

31 

1 

3 

... 
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1 

2 

32 
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... ' 
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33 
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1 

"1 
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'■ , ' " ' i 
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■ 2 , 



.1 

"■■■. S' 
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1 

1 
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■■V'*' 

34 


i' 2 
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1 

1 

34 


... 
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■ 5 ' 

35 

1 

... 



2 

... 

35 
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1 

1 

35 

1 

1 


-'.i 

2 

" 3^"' 

36 

1 

... 


... 

1 

' 4: '■ " 

37.' 

... 

... 

... 

... 

1 

:X..' . . 

37 

1 


... 

... 

1 

... :,v' 

37 

... 

1 

... 

... 

2 

2 

38 


... 


... 

1 

^ Total . 65 " 

917 

24 

49 , 

1 

2 

28 “ 

Means 2*32 

32*75 

0*86 

1*75 

0*02 

0*04 



In Table VII the analyses of the two hexaploids 
of the constitution under consideration are given. 
As in the other hexaploids dealt in the earlier part 
of the paper, configurations ranging from univa- 
lents to octovalents were seen. But on an average 
the number of bivalents is rather more in this type 
of hexaploid. Figs. 12 and 13 show chromosome / 
conjugation at metaphse I in the two hexaploids. 
Fig. 14 shows three bridges at anaphse I in the 
hexaploid (S. 1. 2-4 x G. anomalum). Of these one 
is broken. 


[Xtt 

According to Beasley [1942] meiosis in the 
hexaploid G. hirsutum x G. anomalum, was nearer 
normal in chromosome behaviour than any of the 
induced polyploids studied. In about half of the 
pollen mother cells at metaphse I, no irregulari- 
ties were observed. In others, univalents were 
the most common irregularity and more rarely 
multivalents were present. Some times one or 
more bridges were present, 

Chbomosome numbebs ob the pbogebies of the 

HEXAPLOIDS 

Tables VIII and IX give the chromosome distri- 
bution of the progenies of various hexaploids 
studied, it is seen that most of the plants have 
78 chromosomes, indicating that in the hexaploids, 
gametes with 39 chromosomes seem to function 
most. A more or less similar constancy of num- 
ber was seen in the progeny of five plants of an 
octoploid obtained by doubling the chromosome 
numbers of a hybrid between G. hirsutum (U. 4) x 
G. harhadense (Giza 7), which gave numbers round 
about 104. The cliromosome number of one 
hybrid obtained by crossing the octoploid {G. 
hirsutum’—^. 4xG. harhadense — ^Ashmouni) and 
the hexaploid S. 28-1 gave about 91 chromosomes. 
Hexaploid S. 28-1, on crossing with G. armouria- 
num gave plants mostly with 52 chromosomes. 
The chromosome conjugation of a tetraploid thus 
obtained showed a mean value of 2*35 1+24*3 II 
+0*35 III. In many pollen mother cells 26 II 
were seen. The plant was foimd to be fertile. 
The above points indicate that gametes with 39 
chromosomes seem to function most in the hexa- 
ploids under study and that some of the gameteg^ 
having 39 chromosomes have two sets of Asiatic 
and one set of wild American chromosomes. The 
production of such a syuithetic fertile tetraploid 
further supports Skovsted’s [1934] allopolyploid 
origin of the cultivated American cottons. 

Disctjssioh 

In cotton, hexaploids can arise by at least two 
methods. Method number I is by^ doubling the 
somatic chromosome number of allotriploids as 
reported in the earlier part of the paper. They 
may contain the following sets : {a) two Asiatics 
and one wild American, (h) two wild Americans 
and one Asiatic, (c) one Asiatic, one wild American 
and one Australian {G. sturtii), (d) one Asiatic, 
one wild American and one African {G. anomalum). 
The chromosome formulae of the hexaploids are 
as under. 


(o) 2 [(AD) A] , 
(6) 2 [(AD) D] . 

(c) 2 [(AD) Cl] 

(d) 2 [(AD) Blh 


. Contains 4 A and 2 D 
. Contains 2 A and 4 D 
. Contains 2 A, 2 D and 2 Cl 
. Contains 2 A, 2 D and 2 B1 
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Table VII 

Chromosome conjugation in the hexaploid involving cultivated Americans and G. anonialum 




Chromosome configurations 

^ ' 



Hexaploida 










■ 

G. hirsutum 

G. harbadense 

Total 

number 

Bniva- 


Triva- 

Quadri- 

Penta- 

Hexa- 

Septa- 

Oct ova- 

X Q. 
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^ of 
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Bivalents 
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valents 
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' 

anomalum 
No. of p.m. 
s. 
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c. 
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4 
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15 
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34 1 

730 

6 

10 




‘i 


26 


121: 1 

i 

1793 

21 

28 

*2 



1 

. . 


50 


Mean conjugation* 

13.QXSdploidLQ,hiraulumxQ. anomalum 2*90 1+35 *43 II-}- 0*05 III+ 0*06 IV 4-0* 07V 

Hexaploid G, barbadensex G, anomalum 1*70 1+36*50 11+0*03 111+0*05 IV+O V+0VI+VII+0*05 VIII 

Mean of 50 cells 

2*42I+3J*86II+0*42 in+0*56 IV+0-04 V+0-00 VI+ 0 * 00 Vn+ 0*02 VIII 

In the present paper, chromosome conjugation In the hexaploids of the groups (c) and (d), there 
at metaphase I has been studied for the hexaploid are three different sets and each set is represented 
tpies (a), [h) and (d). In the types (a) and (5), twice. In the corresix>nding triploids either AJjC 
since there are four A’s or four D’s, quadrivalents or ADB, meiosis is highly irregular and shows a 
are to be expected- Since in the triploids of the highly variable conjugation. In the triploid ABO, 
constitution (AB) A, multivalents higher than iinivalents predominate dming meiosis. Webber 
trivalents are seen, the chromosome behaviour of [1934, 1935] finds only univalents and bivalents, 

. the derived hexaploid may become more compii- but Skovsted [1937] reports multivalents and 
cated by the formation of complicated multiva- quadrivalents. According to Beasley [1942], 39 
lents. On the other hand, in the triploids of the bivalents are noticed in th^e hexaploid 2 [(AB) Cl], 
constitution ( AB) B, chromosome pairing at although usually some chromosomes are in associa- 
metapliase I shows predominantly 13 I and 13 II. tions of four and two or more univalents may be 
The hexaploids derived from such triploids may present. Ordinarily one to tliree bridges are "pre- 
show much less complication in chromosome sent at anaphase I in this hexaploid, but sometimes 
pairing. The analyses of the two hexaploids have they may be absent. The hexaploid behaviour 
however shown that such differences exist only to of the group (d) has already been dealt with. It 
a» small extent in the number of multivalents is seen that in these triploid hybrids which show 
(Table X). a high irregular conjugation and where univalent 

0 


im. 
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Table VIII 

Chfomoaome distribution in the progeny of kemploid cottons 


[XIV 



Chromosome distribution 

Total 

number 

vHexaploids 

74 

' 75 

76 

77 , 

78 

79 

^ .80 , ' 

81 ^ 

1 82 , ' 

of 

. plants 

S. 28— 1 . . 




2 

12 

2 

1, 



17 

&,'Mrs0ufn {€o 2) . X G. armourmum . 



1 

1 

8 
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■' 12 

i' 

G, ha,rbaiem& (Giza S and 7)x^?* urmo^ 
tirianum . . • . . 

1 
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GAbarhademe (SindS. I 2-4) x <7. 
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•• 
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3 
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n 

Total 

1 

i 

^ 1 
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38 

2 

4 
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Table IX 


Chromosome distribution of the between two hemphid coUom 






Chromosome distribution 



Total 

nimiber 

He2S:aploid parents 

76 

77 

78 

• 79 

80 

81 

82 

■ 

83 

84 

85 

86 

of 

plants 

S. 28-1x8. 31-1 . . ... . 


. . 

3 


. . 

1 



. . 



"4 ' 

S. 31-lxS. 28-1 . . . • • • 

•• 

•• 

1 

•• 

•• 


•• 

•v 



.. 

. . ..1 , 

8.284x8.34-1 ' + ' * , * . ; .■ ' ,* 

1 

•• 

3 



*• 

•• 

•• 

•* 

1 


, 5 

24X 8. 28-1"^' . ; , - • , ;• • • 

•• 

•• 

4 


' 

•* 

*• 

•• 



•• 

4 

8. 284 X[(?. hirmtum (8. G. 23/8) X G. andmalum] 

•• 

1 

3 


2 

.. 

•* 

•• 

I 

. . 


7 

S. 31-1 X[G. harbadense (8. 1. 2-4) X G. armouria. 

•• 

•• 

1 

.. I 

1 



•• 



- 

1 

numj 1 

fG. harbadense (8. 1. 2-4) X G. armourianum] X fe. 

■■ ■ . 



1 


• • 







1 

Total . ♦ 

1 

1 

16 

-1 

2 

1 


- 

1 

1 

i 

•• 

23:. ■ 


predomiiiatej cliromosome doubling has restored 
the balance in chromosome pairing, upset by tri- 
ploidy, and rendered the sterile plants relatively 
more fertile. 

The second method by which the hexaploids 
may be produced in cotton is by the fusion of an 
unreduced gamete from an American cultivated 
cotton and a 26 cliromosome gamete from an 
allotriploid hybrid. Such &st back cross 
plants with 78 chromosomes have several types of 


constitution depending upon the make up of the 
26 chromosomes derived from the tripioid parent. 
II we assume that a 26 chromosome gamete 
derived from the parent tripioid hybrid between 
cultivated Asiatic arid cultivated American, has a 
constitution of AD, then the 78 chromosome |)lant 
will have 2 (AD) (AD) and the cliromosome con- 
jugation may range fx‘om 26 III to 26 11+26 I. 
Higher multivalents are also to be expected as the 
A sets are represented three times. 
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Table X 

Sh A irman/ of memi chrornosome conjugation in hexcqdoid 


t 

' Hexaploids , i 



Mean conjugation 




Mean number. 

Univa- 
1 louts 

i Biva- 
1 leiits 

i ' i 

Triva- 

lents 

Quadri- 

valents 

Pen ta- 
valents 

Hexa- 

valonts 

Septa - 
valents 

Octo va- 
lents 

. of associations 
per pollen 
in other ce,ll 

(?) Cujti\'ft.tcd Asiatic, 
and, cultivated Aineri- 
can2[A(4D)] 

i • (-io 

31*02 

j 

I'OS 

2-42 

0-(l3 

0-23 , 



30*38d:0-42, 

{//) Wild American and 
Cl ilbivated American 
2[D(AD)1 

i 

1 33*31 

0-05 

1.87 

0-03 

1 0*06 

i 


: 37*44i:().*31 

(ni) G. attomaia/a (Airi- 
can) and cultivated 
American 2[B(AD)] 

2.- 42 ! 

. 35 -SO 

0-12 

0* 56 

0-04 


j 

0'02 

39 *300 ±-17- 


( 7 ot^c?w^iow,s— Differences between {() mid (ll) not significant, (U) and (wi) significant 


SUMM'ABY 

Clii’omoBoine conjugation has been studied in 
four hexaploids involving culti valued Asiatics and 
cultivated Americans, two hexaploids involving 
wild Americans and cultivated Americans and two 
hexaploids involving wild African and cultivated 
Americans. Conjugation has also been ttudied 
in the triploids from which the hexaploids were 
derived. Thou|h the triploids showed marked varia- 
tions in conjugation, the hexaploids showed 
only slight differences. 

The progeny behavioiu' of tlie several hexa- 
ploids studied showed tliat gametes with 39 
chromosomes seem to functioinmost in the parent 
hexaploids and some of the gametes have the same 
constitution as the triploid progenitors. 

Crosses of hexaploids with suitable diploids 
gave fertile tetraploids with 52 chinmosomes. 
During meiosis, the chromosomes paired mostly 
as bivalents. These facts indirectly show that the 
cultivated American cottons with 52 chromosomes 
are allopolyploids having two sets of Asiatic and 
tivo set»s of wild American chromosomes. 
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^TtJDIBS IN THE PERIODIC PARTIAL EAILDRES OP THE PUNJAB- 
AMERICAN COTTONS IN THE PUNJAB 

XL TRENDS IN GROWTH OF NORMAL AND TIBAK PLANTS WITH SPECIAL STUDIES 

ON BOLLS* 

By R. H. DASTUBt and Abbtjl Ahad, Punjab Agricultural Cojlege, Lyallpur 

(Keceived for publication oa 8 Febmajry 1943) 

(With nine text-jSgures) 


The Punlab-Aiiaerican cotton plants showing the 
physiological condition of tirah are known to make 
normal growth np to the fruiting stage, when 
the leaves either turn yellow or begin to assume 
drooping position according to the nature of soil 
conditions that cause tirah. It is possible that 
the internal disorder may be setting in at an 
earlier date than the date of appearance of external 
leaf symptoms mentioned above. It was there- 
fore necessary to determine the trends in growdih of 
normal and tirah affected plants so that the time 
when the internal disorder sets in may be deter- 
mined from the nature of growth curves. It was 
thereby assumed that any internal metabolic 
disorder would be reflected either in the relative 
growth rate, the net assimilation rate, the 
percentage increase in dry matter, or the percent- 
age distribution of dry matter in the Afferent 
parts of the plant growing on these types of soils. 
Though the relative growth rate of cotton plant as 
well as its net assimilation rate, etc. in Egypt 
have been determined by Crowther [1934], these 
determinations for the Punjab-Amerioan cotton 
were necessary on account of the peculiar nature 
of the tirah condition developing in the different 
types of the soils. Martin, Ballard and Simpson 
[1923] have done work on the growth of the fruit- 
ing parts in cotton plant in America. They found 
that the first three weeks were very important 
in the formation of the dry matter in the develop- 
ing cotton bolls. Balls [1916; 1928] in Egypt has 
done very exhaustive work on the development 
and the properties of raw cotton. Afzal and 
Iyer [1934] have measured the gro wth of different 
varieties of cotton plant by means of height mea- 
surements ; their object was to establish the corre- 
lation between growth in extension and the dry 
matter produced. They employed the method 
followed by Heath [1932] to find out the relative 
growth rate and other values. It is, however, 
realized that the growth in height of the main 

*The work reported in tbis paper W 2 w done in the 
Punjab Physiological (Cotton Failure) Scheme jSnanced 
jointly by the Indian Central Cotton Committee and the 
Punjab Government 

fPormerly Professor of Botany, Boyal Institute of 
Science, Bombay 


stem is not a very accurate measure of the dry 
matter produced by the plant. Height may vary 
due to so many environmental conditions. The 
growth of cotton in. relation to certain specified 
conditions had not been studied before. It was, 
therefore, undertaken to study the growth charac- 
teristics of the 4P Pun jab -American plant on 
normal soil and on soils where occurred 

employing the dry weight method. 

INVESTIGATION 

The fields with the following types of soils were 
selected: 

(1) Normal sandy loams, (2) sandy loams with 
saline sub-soils, (3) light sandy soils with nitrogen 
deficiency, and (4) light sandy soils with nitrogen 
deficiency and with sodium clay in the subsoil. 

The relative growth rate was determined by 

the formulae B O R. = Loge 

the net assimilation rate by the formulae 
N J B - Logg i ) 

. * ■ * '. * ■ Lt — 

where Wi and represent the total dry weight 
at successive stages of 14 days interval and 
and igj leaves alone per plant 

on the same dates [Gregory, 1926]. 

Eive-plant samples from sandy loams and 
sandy loam with saline sub-soil were taken at 
fortnightly intervals for dry weight determinations. 
The choice of plants in aU samples was perfectly 
random. During the early stages of growth more 
than five plants were taken for each sampling to 
avoid any sampling error as the dry weight per 
plant in the beginning was very small. For light 
sandy soils 25-plant samples were taken at each 
stage as there was great heterogeneity in the plant 
population on these types of soils. Fresh and dry 
weights of the different parts of the plants, viz, 
roots, stems, leaves and fruiting parts were ^ 
separately determined and recorded. 

The curves for the relative growth rate for 
plants on the four types of soil are given in Fig. 

1 (A, B, 0 and D). There was a depression in the 
growth rate on the sandy loams with saline subsoils 
(Fig. IB) in the month of August and September. 
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Similar depression wag noticed in the net assimila- already been pointed out in a previous paper 
tion rate at the same stage (Fig. 2B). It has [Dastur and Sucha Singh, 1942] that during the 



Figs. 1-4. Growth rates of 4P*oottoii plant in the normal and twh soils 
months of August and September, the crop began depression in the relative growth rate was there- 
to suffer from a deficiency of water in saline sub- fore expected. 

soils on account of the inabiHty of roots to absorb On light sandy soil deficient in nitrogen there 
enough moisture from the sab'ne layers. The was no such depression visible in the growth rate 
development of a water deficit condition in the or the net assimilation rate in the month of 
plant would normally depress the functional August, as the plants on this type of soil did not 
activities of the leaves and would have thus suffer from a water shortage. The relative growth 
inhibitive effects on the growth of the plant. A rate and the net assimilation rate were higher on 
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the, -40 tVTi(‘,s of .-soils than on the normal or saline 
sandy loams in the early stages of the growth 
(Figs. 1 and 2). This was duo to sandy nature ol 
tlie soil where generally vigorous growth ot roots 
occurred which in turn promoted the grou-th ot 

shoots and leaves. _ ii, «r 

The relative growth rate during the months ot 
September and October on normal sandy loaims 
was higher than the relative growth rate on light 
sandy soils deReient in nitrogen. This may be 
due to the limiting influence of the nitrogen factor 
on the latter type of the soil. The plants on the 
light sandv soils sufferred from ni^trogen starvation 
durinu the fruiting period and therefore the rela- 
tive vrowth rate and the net assimilation rate were 
also depressed at that stage. Thus water deficit 
on .saline sandy loams, and nitrogen starvation on 

the light sandy soils _ produced almost similar 
effects on the growth of 4F cotton plants. 

Percentage increase in dry weight at successive 
stages. The curves for percen|iage .increase in 
dry weight are given in Fig. 3 (A, B, C and D) for 
the four soil types. The curve for sandy loam 
with saUne subsoil was very irregular in shape as 
compared with the similar curve for normal sandy 
loam. The percentage increase in dry weight 
in saline sandy loam soil did not follow the normal 
trends. The curve for the normal sandy loam 
showed one marked maximum and the percentage 
increase in dry matter was highest by the middle of 
September ; while the curve for saline sandy loams 
showed two maxima of smaller magnitude, one 
in the beginning of August and the seeond in 
the middle af September. 

On light sandy soils the maximum percentage 
increase in dry matter occurred a fortnight earlier, 
i.e. about the beginning of September as compared 
with the maxima reached on both types of sandy 
loams . Greater inorea.ses in percentage dry weight 
were also found to occur in the early stages of the 
growth on light sandy soil than on sandy loam®. 
This difference may he attributed to the higher 
relative growth rate on light sandy soils in the 
early stages caused by better development of 
root system. The curve for light sandy soil with 
sodium clay in the subsoil was similar to that of 
the light sandy soil with normal subsoil (Fig. 3, 

CaixdD). . 

Thus the relative growth rate, the net assimila- 
tion rate and percentage increase in dry weights 
in the early stages were higher in the light sandy 
soils than on the normal or saline sandy loams. 
This difference was mainly due to the differences 
in the physical properties of the soil. The light 
sandy soils contain more sand than sandy loams 
and the greater amount of sand promotes the root 
growth and consequently the growth of shoots 
leaves. But the higher rate of increase 
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in drv matter could not be maintained in the 
latter stages of growth as, nitrogen acted as fv 
limiting factor in such soils. , _ 

Percentage distHhiifion oj dry matter. ^ . Ihe curves 
for leaves on the four types of soil wall show that 
the percentage dry matter went on decreasing wnth 
the advance of age (Fig. 4, A, B, 0, and D). _^Tiie 
main differences between sandy loams (normal and 
saline) and light sandy soils (normal and saline) 
w^ere (1) comparatively greater percentage oi diy 
matter in the leaves of plants from light sandy 
soils than the percentage of dry matter in leaves 
of plants from sandy loams; and (2) the percent- 
age distribution of dry matter in the stems was 
higher than that of the leaves on sandy loams, 
while the reverse was the case with the light sandy 
soils. On the light sandy soils the plant produc- 
ed proportionately more leaf growth than the 
stem growth ; while on sandy loams the plants 
produced more of stem than of leaf gro%vth (Fig.^ 4, 
A, B, 0, and B). The percentage distribution 
of dry matter in the bolls was higher on noimal 
soils as compared with all the three ty^s ot 
soils where tirah appeared. Thus the tirah affected 
plants produced proportionately less boll material 
than the plants on normal lands. This was due to 
the suppression in growth of the bolls at the 
critical stage of fruiting period either due to the 
deficiency of water or nitrogen or both ot them, 
depending on the type of the soil. Thus there are 
important differences between the percentage dis- 
tribution of dry matter in the different parts ot 

normal and effected plants* 

^■'The emowTH and development oe bolls; op 
' nobmaL'And tiraJe aefeoted plants ■ 

The main symptom of tiralc appear in the bolls 
which prematurely crack and^ contain iminature 
or partially immature seeds with poor quality ot 
lint which does not fluff out of the boll. The 
ginning percentage of bolls in tirah plants is 
higher than the ginning percentage in the bolls 
of normal plants. This is due to the fact that the 
seed weights are comparatively reduced in the 
tirah bolls. As the bolls from the tirah affected 
plant exhibited these symptoms it was necessc^}^ 
to determine the growth trends of the developing 
bolls from the time of their setting up to mat urity 
in the tirah affected and noiinal plants. In oidei 
to study the growth of boils from stage to stage it 
was first necessary to know the age of bolls. These 
determinations should also be made at regular in- 
tervals. The freshly opened flowers had therefore 
to be tagged on a certain date during the flowering 
phase so that the age of the boll could be easily 
known while sampling. Three fields, with normal 
sandy loams, saline sandy loams and light sandy 
soils deficient in nitrogen were selected for the 


im 
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purpost^ on the Lyailpnr Agriciilnral Farm. Light 
sancij soils with , sodinni clay were not included. 
For the sake' of minimizing sampling errors, for 
each .soil .type , four representative plots were 
selected at random in each field for sampling. On 
all sampling dates the samples were taken from 
all the plots to make it as uniform as possible. The 
flowers were tagged on the 26 September in the 
cotton season of 1940-41 . About 5,000 " flowers 


were tagged for each soil type (i.e.,.iii all 15,000) 
as the setting percentage of flowers into boEs was 
about 30. . I)uri,ng the first few stages a larger 
number of bolls from 100, to 200. had to' be taken 
■for the determination of dry 'weights as the newly- 
formed boUs were very small in size.' In the .later 
stages 50 bolls were taken on each sampling 
date. ' ^Samples for the dry weights were .'taken at ' 
weekly intervals. The bolls were Immediately 


■'ll 




weighed after sampling. After recording the case of normal sandy loam 44 per cent of the bolls 
fresh weights they were divided np into stalks, opened between the 42nd and the 49th day and 
sepals, carpels, seeds aird Imt. They were sepa- the remianing bolls opened after 56 days. Thus 
l ately weighed and placed for drying in ovens, there was premature opening of the bolls on tirai; 
first at .90°C. and then at 70°C. and finally at affected plants. 

1 00 °G. up till the weight was constant. Their The dry weights of 100 bolls begiiming from the 
dry weights wore then determined. The moisture 1st week up to 8th week at weekly intervals were 
contents of the different parts of the bolls could determined for the three soil types and the results 
then be calculated. are plotted in Mg. 5A. It will be seen that the 

As the sampling was proceeded with, the number bolls on the normal soils weighed much more thari 
of opened bolls in the three types of soils was the bolls on the two types of soil.s where tirai; 
recorded. It was found that fully opened bolls occurred. 

began to appear on soils where fiVak appeared on It was essential to know whether the differences 
the 35th day after flowering. On the 42nd day in the dry weight of boUs under different soil 
about 40 per cent of the bolls had opened. In the conditions were statistically significant or not. 


I 
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For thi {4 purpose 5 the data for the two consecutive 
years (i.o, 1940 and. 1941) "was utilized j and 
‘auidysis of variance' was applied to the natural 
logarithms of the values. The point in taking the 
natural logari thins rather than the actual values 
needs no explanation. The results on the basis of 
statistical analysis are presented in Table I. 

Table I ■ 

Natural logarithms of the dry weight of 100 4F 
developing bolls under different soil conditions 






1 Differencea in pairs 

Afie of 
bolls in 
cl ay a 

Xormal 

soil 

Saline 

soil 

Liglifc 

sandy 

soil 

Xormal 

saline 

Xormal 

sandy 

Saline 

sandy 

T ^ 

2 

3 

4 

6 

6 

7 

7 ■ 

3-G61 ^ 

3*622 

3*500 

0-139** 

0*152** 

0-013 

14 

,4*881 j 

4*860 

4*682 

0*021 

I 0-199** 

0-178** 

■ .. .21 

5*342 i 

5*182 

6*092 

0-160** 

j 0-250** 

' 0*090** 

28 

j 6*591 '. 

5*360 

6*172 

0*231** 

0-419** 

0-188** 

35 

6*804 

5*430 

5*195 

0-374** 

: 0-609** 

0-236** 

42 

6*887 

5*433 

6*214 

1 0-464** 

0-673** 

0-219** 

40 

6*933 

6*427 

6*200 

0*506** 

i 0-7S3** 

0-227** 

.... m- 

6'94S 

6*423 

.5*207 

0-620** 

i 0-736** 

1 

0-216** 


** Significant at 1 per cent level. S.E.«» ±0*0243 

It is evident that the differences in the boU 
weights in the three soil types were significant 
among themselves. Furthermore, the dffierences 
started from the very beginning and they magnified 
as the development proceeded. 

The dry weight of a boll on the saline subsoil 
was nearly two- third that of the dry weight of a 
boll on the normal soil. The dry weight of a boll 
was still less on the light sandy soil deficient in 
iiitrog(.in. Another important difference between 
tirah affected and normal boils was the absence 
of almost any iner<.^ase in dry matter of the bolls of 
tirah affected plants after the 4th week (i.e. the 
28th day si age). The dry weight remained 
almost constant after that stage on the two types 
of soils where tirah developed. Thus the cessa- 
tion in the growi:h of bolls occurred after the 4th 
week from the day of setting of flowers on tirah 
affected plants %viiile the growth of bolls on normal 
lands continued up to the 7th week stage. Tirah 
conditions was thus preceded by aii inhibition 
of the grov th processes, and the premature opening 
of the bolls consequently occurs. 

The curve for the dry weight of the carpels and 
the seeds indicated the same characteristics 
(Fig. 5, B and C), that wore shown by the dry 
weight curves of the whole bolls. There was a slight 
decrease in dry weight of the carpels after the 
28th day stage in case of tirah afected plants. 
Thus when the cessation in growth of bolls occurred 


there was also a cessation In the growth of the 
carpels as well as the seeds. The case of the 
lint was however slightly different as it continued 
to grow and went on adding to its weight, even 
after the growth of the boUs had stopped. Though 
the dry w^eight of the lint of normal bolls was at ail 
■ stages, higher than the dry weight of lint of 
tirah affeted boils, the increasing trends in the 
lint weight were clearly visible in all the three 
curves (Fig. 5 I>.) The increase in the dry weight 
of the lint in the tirah affected bolls after the 
28th day stage was just enough to make up for 
a slight decrease in the dry weight of the carpels, 
and thus there was no increase in dry weight of 
the entire bolls after that stage, indicating thereby 
that the lint was increasing in weight most pro- 
bably at the expense of the carpels. 

The curves for the percentage increase of the 
dry matter of the boUs at different stages of growth 
on the three soil types are given in Fig. 6A. The 
percentage increase in dry matter reached its 
maximum ;[)oint on the 14th day's stage in the 
bolls from all the three types of soils under study. 
The noticeable feature was that the maximum 
point for tirah affected bolls was at a much higher 
level than the maximum point of the percentage 
increase in dry weight of the bolls on normal soils. 
About 40 per cent of the total dry matter was 
'accumulated in the second week in the 
affected bolls, while only 25 per cent of the total 
dry matter was produced in the good bolls d.iiring 
that week. This was so because the bolls on the 
normal soils went on adding to their dry weights 
up to the 49th day stage while the tiraih affected 
boUs ceased to grow after 28 days. Conseq-ufently 
the percentage increase in the ^y weight on the 
14th day stage was higher in tirah affected bolls 
than on normal bolls. There was a steep and 
rapid fall in the percentage increase in dry weight 
after the 14th day stage in the tirah affected boils, 
while the percentage increase remained at a higher 
level up to the last stage in the case of normal 
boUs. 

The percentage increase in dry weight of carpels 
is given in Fig. 6B for the three soil types. The 
curves were typically growth curves obtained for 
the whole plant. The maximum percentage in- 
crease in carpels on the 14th day stage coin- 
cided with the maximum of the whole boll curve. 
The curves for the seeds on the other hand showed 
some differences. On the saline^ sandy loam the 
maximum percentage increase in dry weight 
occurred on the 14th day stage while on the normal 
sandy loams and light sandy soils the maximum 
was reached a week later. The seed curves 
(Fig. 60) for normal sandy loams and for light 
sandy soils were almost identical in shape as the 
whole boll curves (Fig. 6A) with the difference in 
the maximum points, while the carpels and whole 
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boll curves of percentage increases in tbe dry 
weights were more or less similar. There was a 
secondary peak in the curve of the percentage 
increase in seeds and also in the whole boll in the 
case of normal soil as compared with soils where 
iirak occurred. This peak was reached on the 
35th day stage and was due to the formation of 
oil and proteins during the fifth week in the seeds 
and also due to an increase in the weight of the 
lint. This view has also been confirmed by the 
results of the chemical analysis to be described 
in another contribution. 

The maximum increase in the percentage dry 
weight of the lint occurred on the 35th day stage 
on normal sandy loams while in the two soil 
types where tirah occurred, the maximum increase 
occurred a fortnight earlier, i.e. on the 21st day 
stage (Fig. 6D). 

Thus the periods from the 7th day to the 21st 
day for tirah affected boUs and from the 7tb day 
to the 42nd day for normal soils aj>peared to be 
important and any unfavourable climatic factor 
during that period was likely to affect the growth 


of the bolls adversely. It may be mentioned that 
when tirah occurred in an extreme form in certain 
years on account of hot and dry weather in the 
months of September and October, the bolls of 
this age were found to be most affected. They 
ceased to grow and opened badly. The pheno- 
menon was most marked on soils with medium 
salinity where under favourable weather condi- 
tions no cessation in growth normally occurred. 
Once the growth ceased in such years at that 
important period, the bolls remained in that very 
condition except that they began to loose moisture 
and to crack with immature seeds and weak 
fibre. 

The growth of the bolls on the three soil types 
was again studied in the cotton season of 1941-42 
and the growth curves obtained in the second 
year were identical with those of the previous 
year and showed the same characteristics discussed 
above. 

The percentage distribution of dry matter in 
the different parts of the bolls in the three 
of soils are given in Fig. 7 (A, B, and C). On 



Fig. 7. Percentage distribution of dry matter in the different parts of the 4F bolls 


normal soils the percentage distribution curve for 
carpels intersects with percentage distribution 
curve for seeds. There was more dry matter 
in the seeds than in the carpels at the final stage. 
The case was different with bolls of tirah affected 
plants. The maximum quantity of dry matter 
at all stages was in the carpels of tirah affected 
bolls, and the seed weight was lower than normal 
(Fig. 7, B and 0). The differences between the 
percentage dry matter of the carpels and the 
seeds were greater on light sandy soil than on 
saline sandy loam. The lesser dry matter in 
the seeds was due to lesser amount of oil^ and 
proteins in the tirah affected bolls, than in normal 
bolls. The percentage distribution of dry matter 
in the lint was almost the same on the three types 
of soil. The lint alone contributed about 20 per 
cent of dry matter of the whole boh. 


YonUME, WEIGHT AOT nEHSlTY OE BOLLS 

In order to study the growth trends and to 
find out the most important period in the develop- 
ment of bolls it was also necessary to find out the 
volume, the weight, the length, the diameter and 
the density, etc. of bolls at various stages of 
growth. Martin, Ballard and Simpson [1923] 
measured the growth of fruiting parts in the 
various varieties of the cotton plants. They con- 
ducted their experiments in the different parts of 
America on different varieties of Egyptian and 
Upland cottons. They found that the most im- 
portant period for volume, weight (dry and fresh), 
length and diameter of cotton boll was the first 
three weeks after setting. 

Samples of bolls were taken from normal sandy 
loams, saline sandy loams and light sandy soils 
at weekly intervals in 1940-41 season. For volume. 
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hn^gtli liud dmmti er, values of six average bolls 
at. ea(rh stage of growtli were taken and arithmeticai 
mean wa-s eaieulated foi* the final average values. 
I^\)r gretai weiglit and <lry weight the average, of 
5(t bolls was taken. Volume was measured, in 
eubie centimeters and the length and diameter 
in millimeters with the help of Vernier Caliper. 
F(U‘centage iiKavases and density, etc., were cal- 
culated from these values. In all these measure- 
ments stalks and sepals wwe removed. 

Volume, The volume of the boll began to 
increase rapidly after setting. About 90 per cent 
of the final volume of the boll was formed in the 
first three weeks as this was the most active period 
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of boll development. In the ease of 'normal soils’, 
the maximum volume was 14*66 c.c. per boll and 
it was attained live weeks, after setting. After 
this stage as the boll matured, it began to shrink 
slowly both in length and diameter and a de- 
crease in the volume was thus caused. In the case 
of saline and light sandy soils the maximum 
volume was 9*5 c.c. and 8*5 e,c. per boll respec- 
tively, which were reached after four weeks 
instead of five and the boil began to shrink 
gradually thereafter (Fig. 8A). 

In the case of normal soils percentage increase 
in volume was very high in the second and third 
weeks and peak was reached after 21 days. The 



saine Avas the case with saline and sandy soils 
except that the maximum percentage increase 
occurred on the 14th day stage. 

Length or the ^?mjor axis' of the bolls. The 
maximum increase in length of the boll in all 
types of soils occurred in the first three weeks 
after setting. In the normal soil the maximum 
length was 37*27 mm. which was reached after 
35 days ; while in the saline and sandy soils the 
maximum lengths per boll were 30*28 mm. and 


29*07 mm. respectively; which were reached a 
week ealier. After attaining the maximum length 
it began to shrink gradually due to loss of moisture 
(Fig. 80). 

The percentage increase in. length showed that 
the first three weeks were very important and 
90 to 95 per cent of the length was formed during 
this period. The peak in aU soil types was reached 
after 14 days, thus the maximum increase in 
volume and length occurred almost at the same 
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time. On. normal soils ti£e bolls were' therefore.' 
(le finitely bi^j;ger than the bolls on soils where 

/br/i* <')ceui;Te(l. 

Diameter or "minor aedn of the bull. The growth 
ill diameter was similar to that of the length of the 
boll on all soil types (Fig. SB). The peak was 
reached in all cases after 14 days. 

Ratio of length and diameter {Lemgthj diameter). 
Ill the normal soils this' ratio varied from' i-29 ' 
to 1*36, ill saline soils from 1*27 to 1*32 and 
in the light sandy soils from 1-26 to 1*33. The 
ratio remained fairly constant indicating that 
the growth proceeded symetrically on all sides 
of the bolls. 

■Fresh tveighi and dry weitglit per boll. There 
was a rapid increase in green weight of the bolls 
which reached its maximum after 35 days on the 
normal soils and after 28 days on the saline and 
light sandy soils: After inching the niaximum 
the fresh weight began to decrease. It decreased 
more rapidly in tlie hollB of timi: soils than in the 
bolls of normal soil. This was due to premature 
drying and c-racking of bolls in the former ease. 
The dry weight went on increasing till the end 
in the normal soil while in lira/c soil it becaim; 
more or less constant after the 4th week (Fig. 9, 
AandB), 

Density of the bolls. The density graph of the 
bolls revealed very important features (Fig. 9G). 
Though there was an increase in green and dry 
weights from the 7th day stage up to the 28th 
day stage on all the three soil types, there was a 
marked fall in the density of. the bolls from the 7th 
to the 21st day stage. This fall in the density 
was due to the largest percentage increases in 
volume up to tlie 21st day stage. The increase 
in volume may not wholly be due to the additions 
of dry matter hut it may also be due to extension 
growth of the cells of the carpels. The carpels grew 
more rapidly than the seeds at this stage iind this 
lead to the formation of cavities in the boils where 
air entered. Thus reduction in weight per unit 
volume can occur. On normal soils the density 
of the bolls wiis the lowest on the 21st day stage, 
while it was liigher on saline and sandy lands. 
The growth of the carpels was, therefore, not so 
rapid in tlrah affected bolls as in normal bolls. The 
(hmsity of boll r’ose from the 21st day stage on all 
the three types of soils. The density of bolls 
on saline soils was higher than the density of the 
bolls on normal soils though the dry weights of 
the boils in the two types of the soils were in the 
reverse order. The greater mass per unit volume 
of the. boils on saline lands where the dry weight 
per boll was less than the dry weight per boll on 
normal soils may be due to lesser volume of air 
in the boll in. the former case. In case of light 
sandy soils the final density of the bolls was slightly 


lower than the norma! bolls. The dcvn’sity W’as 
found by the weigi.it , standard metliod. 

The degree of matarUy of seeds based on the 
colour of outer tests. As the cotton seed develoj)ed 
it changed its colour .from while to greyish. green 
and finally attained dark blue biaek colour. 
In the- year .1941-42 on all sampling dates a repre- 
sentative sample of seed from the boll, of all the 
three soli types under study, A¥as, take.ii and divided 
into three' groups, viz. wiiite (fully immature), 
greyish green (partially immature), and blue black 
(fully mature); and the percentage of each type 
was calculated at different stages of growth. 

In the normal soils up to the 14th day stage all 
seeds w^ere white, and after 21 days onty 5*30 
per cent turned greyish green. After 35 days it 
was found that nearly 78 per cent of seeds were 
greyish green. These grey-green seeds then went 
on turning into dark bluish black in colour. This 
change occurred mostly wlien the seeds were of 
42iid to 49th day stage. Finally, after 56 days it 
w'as found that 91 per cent of the seeds were 
blue black in colour (fully mature), 7 "per cent 
greyish green (partially immature) and about 
2 per cent wliite (fully immature) in bolls from the 
normal soil under study. In case of saline soil the 
colour of seeds turned grey-green and finally 
black at an early date, but this change from grey- 
green to black slowed down after 42 days' Finally, 
after 56 days it was found that fully mature seeds 
were 45 per cent, partially immature 25 per cent 
and fully immature white seeds 30 per cent of 
the total. On the light sandy soils the only 
difference was that the white seeds began to turn 
.greyish green after 21 da^^s' age. At the end 
36 per. cent were fully mature, 30 per cent partially 
immature and 34 per cent were fully immature and 
white seeds. 

Total number of seeds per boll w'as also counted 
in a number of bolls. Jn the ease of normal soils 
it varied from 30 to 35, with an average of 
31*66 per boll ; while in saline sandy loams and 
light sandy soils the number varied from 17 to 
25 per boll with an average of 22*50 and 21 •60 
respectively. 

iioishire^ The moisture contents of the different 
parts of the bolls on the three soil types indicated 
a higher moisture content in all parts of the normal 
boll (exjmessed on 100 gm. of dry matter). 

Summary 

There -were not marked differences in the 
growdh rate curves of normal and tirak plants. 
There was a depression in the relative growth rate 
of plants on sandy loams with saline subsoil in the 
months of September and October. On light san- 
dy soil the reltative growth rate was higher than 
that of the plants on normal sandy loams during 
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the early stages of the growth. THs wm due to 

the very sandy natute of the soil id. the lormer 

Similar differences were found in the net assimi- 
latiou rate of plants on these types of . , 

The percentage distribution of dry matter in 
bolls was higher on normal sandy loams than 
on soils where iimfc occurred. On hght sandy 
soils with sodium clay in the subsoil the percent- 
age of the dry matter in the bolls wm the least. 

The study of the growth of bolls at weekly 
intervals on normal and on soils where tora« 
condition appeared showed that the ^ 

the bolls of tirak affected plants ceased alter the 
28 days’ stage. There was no increase m the^y 
matter of the whole boU after that stage. The 
same remarks applied to the carpels and seeds 
individually. But the case of lint was different, 
lint continued to increase in weight even m 
tirak affected plants up to the 49th day stage. 
In the case of normal bolls growth continued up 
to the 49th day stage in all its parts. The dry 
matter per boU in tirak affected plants was nearly 
one half of the dry matter per boll on normal 
plants. Thus the bad opening of the boUs was 
preceded by a cessation.of growth which generally 

occurred in the 5th week after setting. . , 

The volume, length and diameter of boUs 
from tirak affected plants were less than those of 
the bolls of normal plants indicating bigger boll 
size in the latter. The maximu m increase in 
dimensions occurred during the first three weeks 
after setting. The bolls from the nonnal plant 
contained about 91 per cent of the fully mature 
seeds while the bolls from tirak affected plants 
contained 30 to 36 per cent of fuUy immature seeds 
and 25 to 30 per cent of partial immature seeds 
apd the rest were mature seeds. 

'Moisture was more in all parts of good boUs as 
compared with the tirak aSocted bolls. 

Total number of seeds per boll in the normal son 
varied from 30 to 35 with an average of 31 ■ 66, 
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while in the sahne and light sandy soils it varied 
from 17 to 25 per boll with an average of 22- 50 
and 21-60 respectively. , ^ „ 

It was thus clear that the growth oi the boils 
did not exihibit normal trends when tirak occurred 
and the cessation in growth of the bolls preceded 
the tirak condition. When the seasonal conditions 
are adverse during the fruiting stage the develop- 
ment of the boUs is affected on a larger area than 
normal, i.e. on soils with medium or low salinity 
also the effect is pronounced, and thus cotton 
failures are caused. 
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(With Plates 11 and III) 

Big Bud, an abnormal condition of the to- different name. In the Pacific North West the 


mato, was described for the first time by Oobb 
[1902] in New South Wales. The virus is 
^present in all the Australian states and appa- 
rently a similar disease has been reported from 
Eusssia by Michailowa [1936] though under a 


occurrence of Big Bud has been reported i)y 
Dana [1940]. 

Studies on virus diseases of tomatoes have 
been in progress at the Imperial Agricultural 
Research Institute, New Delhi, for the last 





:g. 3. A close view of the affed 
showing thickened ped icel 
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Fig. l~a. Thickened calyx adhered to each other and forming a tube 

d. and c. Side and top view of an affected flower which has been opened 
to show the internal organs. Note the virescent petals which are drying 
at the tips 

d. Thickened pedicel, dried calyx, thickened and virescent corolla and 
lobed fruit 

e. A normal flower truss from a healthy Tomato plant var. Sutton’s 
Early Market 


^ Fig. 2. Photomicrograph of T.S. of thickened pedicel < 
: an effected flower showing abnormal tissue ; 
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tiiree years and in tHs connection the tomato 
crop has been occasionally examine in the Pun- 
jab, United Provinces and Bihar. In the win- 
ter 'of 1943, only two tomato plants of variety 
Sutton’s Early Market in the mycological area 
of this Institute exhibited an abnormal condition 
• resembling that of Big Bud, i.e. Lycopersi- 
cum wiea 5 [Smith, 1937]. This disease has 
so far not been reported from this country and 
is described in this paper. 

Symptoms of the disease 

The first symptom of infection appears al- 
most simultaneously at the tips of actively 
growing shoots and on the leaves. The leaves 
get thickened, show upward rolling of margins 
and point downwards. At a later stage the 
leaves become intensely thickened and brittle 
and may at times show typical rolling. The 
youngest leaves which appear after the infec- 
tion has taken place show light mottle and the 
lateral leaflets are reduced in size. There is 
also purpling of leaves particularly on the under 
surface due to the production of anthocyanin in 
the cells. The plant assumes an erect habit 
and the growth is arrested soon after infection 
has taken place (Plate II, figs. 1 and 2). An- 
other efiect of the virus is to stimulate the pro- 
duction of lateral growths on the stem from the 
axils of the leaves. The growth consists of a 
cluster of minute leaflets forming dense_ rosette 
like structures. These leaflets also are deep 
purple in colour. 

The effect of the disease is simultaneously 
exhibited on the youngest fruit truss which be- 
comes erect instead of being recurved as in nor- 
mal plants. The fruit buds in the truss also 
assume an upright position. As the growth of 
terminal buds ceases, there is a gradual thick- 
ening of the stem and pedicel. The thickening 
increases with age and sometimes two pedicels 
may fuse together and appear as one (Plate II, 
fig. 3). The six segments of the calyx increase 
in size and thickness and form a sort of inflated 
tube so as to enclose the floral organs. The 
calyx segments are not linear or lanceolate as 
irr normal plants but become oblong ; they 
may be united or may remain adhered to each 
other without actually being united (Plate HI, 
fig. 1-a). In due course the calyx segments be- 
come purple in colour and later dry up. 

The corolla also undergoes a marked change. 
It becomes either enlarged or stunted, is thick- 
ened and becomes completely virescent. The 
six petals, though remaining separate, form a 
sort of an enclosure for the internal organs, e.g., 
carpel and gynoecium. The tips of the petals 


may dry up. At times one or two pairs of pe- 
tals may get united at or near the base. The 
conversion of petals into leafy structures is a 
characteristic efiect of the malady. (Plate III 
figs. 1-b and c). 

The anthers are also appreciably reduced in 
size. They are light green or whitish in colour, 
unlike those in normal flowers in which they are 
always yellow and much larger in size. There is 
no marked difference in the size of filaments. 
The anthers are situated singly between phyl- 
loid petals and are not united as in normal 
flowers in which they form a tube around the 
style. 

The style is short and is of the same colour 
as that of the anthers. Phylloidy of the car- 
pel and the carrying of the gynoecium on the 
proliferation of the central axis of the flower, ^ 
as described by Samuel, Bald et. aL [1^33] 
has not been observed, probably because of 
the small number of affected plants available 
for examination. The ovary appears to be 
slightly larger than that of the normal flowers. 
There is an additional growth of the central 
placental tissue in each locule and the number 
of ovules is consequently comparatively redu- 
ced. 

The diseased plants may or may not set 
fruits. The fruits when formed are very small, 
being comparable in size and shape to linseed 
fruit. The fruit is thick skinned^ hard and 
pointed. It is usually of dull green colour and is 
often lobed and sometimes distorted. Such 
fruits neither mature nor form seed (Plate III, 
fig. 

Anatomical changes associated with the 
much thickened pedicel were studied by cut- 
ting transverse sections. Development of an 
abnormal tissue close to the phloem is observed. 
This tissue is even visible with the- naked ey<‘ 
as a circular band when the pedical is cut trans- 
versely. Plate III, figs. 2 and 3 show photo* 
micrographs of transverse sections of affected 
and healthy pedicels respectively. 

Teansmission! of the disease 

Tomato plants of the variety Sutton’s Early 
Market of varying ages were inoculated with 
fresh juice of the diseased plants which was ex- 
tracted in a sterilized pestle and mortar and 
strained through fine muslin. Inoculations 
were carried out by dusting the leaves with 
finely powdered carborundum and smearing 
the leaves with the juice with a piece of ab- 
sorbent cotton wool. In another set of inocula- 
tions the leaves were smeared with diseased 
plant juice and the surface of the leaves was 
pricked with sterilized needle but all efforts to 
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trunsinii liif dis-as,. !,^ .nechauical meims scarcity ol the diseased matenal. The disease 

unsuccessful, ’ was transmitted to healthy plants, wherever 

Htuls 'rem<,\e(l hmu diseased piauls were budding was successful. _ 

grafted te l.f'tdthv 1n,iuato plants but ilie unni- The results of transmissipn tests are sum- 
l)C*r uf grafts wti."- rutlier small because of the iiiarized iu Table I. 

. Table I , 

Tninsmisslon of the disease 


Expt. 

oi 

iHueolu* ' 

(ion 

Aff'^tliod of iiioi'iikil'ioii 

Age of 
"plants 
"(days) 

Miimber of plants 

i.nociiIa- | Infected 
ted 

''Idnifj 

required 

for 

Infectioi i 
(days) 

ilein arks 

1 

s-12-i;! 

Juico iuLH'Lilation with car- 
bonmdiiin and needle 
scratch 

60 

. 

G 

■ 

'■ ' ■'■ 0 



11 

8-1 2-4 :i 

Juice inoculation with car- 
borundum 

23 ■■ j 

12 



3 buds dried up and 
grafts were not 
successful , ^ ; 

UI 

27-H-43 i 

Budding .... 

. 90 

5' 

i , ,.■■2: 

48 , "■ 

■' IV 

1-12-43 ! 

■Budding. ■. ■ , . " ■■ . • 

•45"",' 

■"■■■. 2' 




V 

21-1-44 ! 

' j 

,ln arlicmg .-■ ■ ' • . 

,'40' 


i"'' 1 

i , ■ 

, 105 1 

' ■ 1 

Dried up 


SUMMABY 

1. OceiuTence of *Big'Bud’^ { Lt/copersicum 
^ virus " 5}' disease 'of Tomato'’ iias Been reported". 

2. Erect habit of the plant and abnormaliti^^^ 
in the floral organs .such’ as adhesion, '.virescence 
and certain types of overgrowth are charactens- 
tic symptoms. 

3. The pedicels of the affected flowers are 
much thickened due to the formation of an ab- 
normal tissue in the phloem region. 

4. The disease has been successfully trans- 
mitted by grafting but efforts to transmit the 
disease by mechanical means were unsuccess- 
ful 
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ON THE OCCURRENCE OF COLLETOTRIGEUM GAP SIC I IN CHINA 

By Lb® Ling and K. R. Lm, Szechuan Provincial Agricultural Improvement Bureau, China 

(Received for publication on 7 February 1944) * 

(With two text-figures) 


Gollbtoteicbum Gapsici (Syd.) Butler et Bisby 
wan originally described from Madras Presi- 
.dency (India) in 1913 [Sydow]. Its occurrence 
in China was ^reported by Sydow [1919] from 
Canton and by Teng [1938] from Kwangsi. 
Recently, this fungus has been noticed to cause 
a ripe rot of frnits of pepper, eggplant, and 
tomato in Chengtu Plain, Szechuan Province. 
During wet seasons, it may result in consider- 
able damage, especially in pepper and tomato. 


In order to ascertain the identity between isolates 
from different hosts and with the Indian fungus, 
morphological and cultural studies and inocula- 
tion experiments have been undertaken since 
1941. 

Geographic distribution 

The fungus has been reported from Madras, 
Bihar, Bombay, and Bengal in India, and from 
Canton, Kwangsi, and Chengtu in Chiiiya. 


it] COLLETOTBIOBVM GAPSIOI IN ' CHilSiii 

Besides, its- appearance from widely separated ' a cause of fruit rot of papaw in Siena Leone also 
regions in Asia,: Africa,, and Nortla and South' ■' -needs ; further verification. On the other hand 
America has been recorded from time to time, the fungus that causes pepper rot in the Philip- 
Its natural host is chiefly the cultivated chilli pines and has been regarded us ColletotficJiU'Hh 
pepper, but its attack on eggplant and tomato nigram EH. et Halst. by Malabanan os 

has been reported by Thompson [1928] from i^ointed out by Higgiiis [IHdO] is probably 0. 
Malaya. In Kenya, McDonald [1924] has OapsicL As most reports have come from 
noticed on iMadagascar butter bean, Dolickos southern Asia, the fungus is most likcdy to bo 
lupmlflorm, and pigeon pea a similar fungus, orighiMed from that region und hus spread to 
which, however, appears more probably to be Africa and America in relatively recent times, 
related to OollMotrichum truncatum (Schw.) Based upon the literatures abs tract, ed in tlir* 
Andrus et Moore rather., than to 0. Gapsici, lieview of Applied Mycology, the disiribution oi 
The report of Deighton [1936] of the fungus as this fungus is mapped out} in Fig. 1. An exami' 
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■Vio. 1. Distribution of Collctotrichum Capsid (indicates where the fungus has been reported) 

nation of the map reveals that notwithstanding northern boundary. Buenos Aires, Argentine, 
its wide occurrence in separate continents, its is the only spot wdiere the fungus has been re- 
habitat is apparently limited to the tropical and ported lying in the southern side of the equator 
subtropical regions only. With the exception at approximately 35®. The record from the 
of its occurrence in Argentine, the fungus has last-named locality has been based upon an 
been recorded exclusively within the zone north- isolate from the fruit of chilli affected by a die- 
ward from the equator to latitude 32L Middle back" Tn view of the common oecurrenee of 
Georgia of the United States appears to be the saprophytic species of Colletoifickum on dead 
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or appai'ently faealtiiy parts of plants, the 
eorreetness of its identity seems dubious. 

Mokphology 

The morphology of 0. Capsid has been des- 
cribed several times [Dastur, 1921; Higgins, 
1930; Sydow, 1913; and Teng, 1938]. It has 
falcate conidia, thick stroma, conspicuous and 
abundant setae, and densely aggregated acervuli 
(Fig. 2, A and B). In comparison with a num- 
ber of species of Golleiotrichum, such as G. cir- 
dnans (Berk.) Vogl-, 0. indicum Bast., G. 
truncaiiim, and Olomerella Olyctnes (Hemmi) 
Lehman et Wolf, it differs from them in no 
essential way. 



2, OoUetotrickum Capsici — 

A— -Conidia ; a — Tomato isolate ; 

B — ^Acervulus ; b—Eggplant isolate ; 

C— Germination of conidia X 250 ; c — Pepper isolate 

Sydow [1913] first gave the measurements of 
its acervuli 70-120 (jt setae 70-145 \x> and 
conidia 17-28 x 3-4 jjt. Measurements obtained 
from the cotype material, as presented in 
Sydow s Fungi exotici exsiccati no. 199, are very 
close to the original. The American fungus 
seems to have somewhat smaller measurements, 
being reported by Higgins [1930] as 48-96 x 3 *5-6 
ji and 16*8-26*4 X 3-4*2 |Ji for setae and conidia 
resjectivelj. On the other hand, the Philippine 
fungus has larger conidia, being reported as 23- 
51*1 X 3-66-B-9B |i. The material obtained in 
Ohengtu has been studied in detail. The 
measurements, taken from both host plants and 
agar cultures, of different isolates from pepper, 
eggplant, and tomato (Table I), indicate a very 
close similarity between isolates and also justify 
its identity with the Indian fungus. Substra- 
tum exerts a definite influence on the size of 
conidia. Those produced on agar medium are 
longer in average than those produced on hosts. 
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In germination, the three isolates from 
different hosts behave somewhat differently. 
In the pepper isolate, the germ tubes have 
broader diameter and branch profusely soon 
after germination. In the other tw^o isolates, the 
germ tubes usually grow for several hundred 
microns long without branching. The appres- 
soria formed at the tips of germ tubes when 
contacted with glass are present only in the 
tomato isolate, but absent in the other two 
(Fig. 2, 0). 

Cultural chakactebistics 

While growing in cultural media, the isolates 
of the fungus from pepper, tomato, and eggplant 
are very similar to each other. Among the' 
media tested, the ordinary potato-dextrose agar 
appears to be the most favourable one. Ontnat 
medium the aerial growth is fluffy, Mouse Gray 
m colour [Bidgway, 1912], thick in cenire, be- 
coming thinner toward the edge. The margin of 
the colony is whitish, appressed and entire. The 
submerged growth is composed of both hyaline 
and brown hyphae. The brown hyphae are 
thick-wailed and swelling in places to simulate 
chains of chlamy-dospores. They are loosely 
aggregated to form a sort of cushion and appear 
to naked eyes as black dots, scattered or 
arranged in rings, from the bottom view of the 
cultural dishes. They are probably what Dastur 
[1921] describes as stromatic plates. The 
setose sclerotial bodies or acervuli are either 
scattered or arranged in concentric rings, up to 
1 mm. in diameter, and vary in abundance in 
different strains. Sporulation is in general 
abundant. The conidia are produced either in 
acervuli as pinkish or creamy masses or on the 
aerial hyphae. The statement of Dastur [1921] 
that the aerial haphae do not produce conidia has 
not been confirmed, although the conidia pro- 
duced in such a way are usually smaller than 
those formed in acervuli. On corn meal agar, the 
aerial growth is rather scanty and I‘ght grayish 
in colour. The margin of the colony is fimbriate. 
The submerged growth is whitish and spreading 
radiately toward the margin, being composed of 
the same sort of aggregated hyphal cushions as 
observed in potato-dextrose agar. Sporulation 
is generally poor, the acervuli being found 
scatterly only in the pepper isolate but none in 
the other two isolates, 

Sterilef plant tissues, such as cylinders of 
potato, sweet potato, and carrot, are in general 
favourable media for the growth and sporulation 
of the fungus. The aerial growth is abundant 
and of varying shades of Olive. Gray. Mycelial 
tufts often arise as saltants, Light Drab to Liglit 
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Table I 

Memurements of Colletotriohum Gapsici from different hosts 


165 


Sub- 

Original 
’ host 

Diameter 

of 

Size of setae in p 

; Size of conidiophores in g. 

Size of conidia in p 

stratum 

acervuli 
in ft, 

Range 

Mean 

Range 

Mean 

Range 

Mean , 

Host plant 

Pepper . 

86—24,0 

67*8—134 

X 

5*7— 7-5 

101x7*0 

14*3—22*8 

X 

2*5— 4*0 1 

17*4x3*5 

18—28*6 

X 

2*8-4*2 

24- 9± - iOi 

X 

3-4±-159 


Tomato 

97—288 

62*6—165 

X 

5*7— 7*2 

123x6*5 

15.0—26*8 

X 

2*8— 4*2 

20*2x3*8 

17—29*0 

X i 

2.8— 4*2 

■25 -Oi *481 

X 

. 3*6±165 , 


Eggplant 

74— .187 

86—150 

4*2— 8>5 

118x6*9 

17*1— 25*4 
X 

2*8— 4*2 

18*6x3*4 

17—28*6 

X 

2*8— 4*2 

25*ii-*452 

X 

3*5d-*i56 

Potato- 

dextrose 

agar 

Pepper . 


86—200 

X 

4*2— 7-0 

143x6*7 

25—28*6 

! X , 

i 2*8— 4*2 

26*0x3*8 

17—29 

X 

2*8— 4*2 

22*4i:*427 

X 

3*7i:*193 


Tomato 


57— 240 

X 

4*2— 5-7 

167x6*0 

17—25*0 

X 

2*8— 4*0 

19*4x3*3 

17—28*6 

X 

3*0— 4*3 

23 *41: *029 

X 

3*8i:*030 


Eggplant 


87—286 

X 

4-2— 7*1 

176x6*0 

19—30*4 

X 

3*0— 5*0 

24*4x4*1 

17—27 

X 

2*8— 4*2 

22 *31- *017 

X 

3* Si *030 


Pinkish Cinnamon in colour. Potato cylinder jected to the attack of this fungus. In agree- 

seems to be a better medium for the sporula- ment with the finding of Higgins [19bOJ, the 

tion than the others. young unripen fruits are equaiiy susceptible to 

In aged cultures of this fungus, no matter infection but the rot will not develop until the 

what kind of medium is used, a sort of hair- fruits ripen. Inoculation of the fungus on 

like growth, a few mm. long, is constantly pro- fiow^er parts results in blossom blight, while die- 

duced. It consists of a bundle of aggregated back phase of the disease, though common in 

dark hyphae and often produces conidia on the India [Hastur, 1921], has been observed neither 

tips. It protrudes densely along the margin of in nature nor after artificial inoculations, 

the colony in tube cultures and grows dowmward Inoculated on the detached fruits or tubers 
to the bottom in Petri dishes. ^ ^ of several plants, the three isolates of 0, Gapsici 

In essentials, the cuitural characteiistics^^-'m Q,nd G, Glycines behBYe in being able 

0. Gapsici are quite similar to G. Glycines: horn ^ infect tomato, p^pps^r, eggplant, and 
soybean and G, iruncatum from garden bean. soybean, but not potato and cotton (Table II). 

Pathogenicity G. indicum from cotton is distinguishable from 

Experiments of artificial inoculation carried them in its ability to cause rotting on cotton 
out by Dastur [1921] and Sundararaman [1927] bolls. 

revealed that G. Gapsici is capable of infecting C. (7aps20i is readily differentiated from G, 
a number of plants, chiefly the fruits. Based Glycines and 0. indicum in its inability to 

upon the experimental host range, this fungus attack its natural hosts during the seedling stage 

can only be diflerentiated from several other after soaking the seeds in the conidial suspen- 
closely related fungi with difficulty. sion. While seedlings of soybean and cotton 

In order to compare different strains of this inoculated with G. Glycines and 0. indicum 
iimgus and wdth a few other local species of respectively damp-off completely after cmer- 

Colleiotnchum having similar morphology, genee, both fungi fail to attack other 

inoculation experiments have been made. The plants than their own suspects. Those plants 

fruits of tomato, pepper, and eggplant, which inoculated with the three isolates of G. Capsicif 

are natural hosts of 0, Gapsici, are readily sub- however, remain, healthy. 
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Buiidarantiiiaii [1927] reported that 0- immue to the attack of all the three isolates of 

Capsid and Collectotrickum Gurcumae (Byd.) C. at different stages. The lower leaves 

Biiller et Bisby, originally described from of cabbage, while beginning to turn yelloWs 

Curcuma longa, have similar host range in and the detached fruit elustefs of the other two 

India. Among those hosts recorded, a few plants, however, become infected readily. On 

ha.ve been included in the present experiments such declined plant organs the fungus fructifies 

of i!ioculation. Vigorously growing plants of profusely, 

cabbage, Sohmum nigrum, and Datura alh a are 

Table IJ 


'MemMs of immUtion of Colletotrichum Capsici, Colletotriohum indicum and Glomerella Glycines 

into fruits or tubers of different plants 



G. Gapsici from indicated host 



Plant inoculated 



— 


• <7. indicum 

G. Glycines 


Pepj3er 

Tomato 

Eggplant 



Cotton boil . . 

. .a 



+ + 


Soybean pod . . . . . . ] 

4-a 


++ 

-j- -j. 

+ + 

Tomato fruit • . . 

“b 

+ + 

+ ! 

4 * 

■ 4- 

Pepper fruit . . . . . 


4* + 

+ + 1 

+ + 

* 4-4- 

Eggplant fruit 

+ + 

+ , 

+ + 1 

. ' + 

+ 

Potato tuber . . . . . . 

. . 


• • 

. . 



a — indicates no infecfcion ; 4“ iniection only through wound ;^and-f“ + infection through both wound and healthy 

tissue 


iJiSGUSSiON AND SUMMARY 

Within the genus UoliMoinchtim ihere are a 
number of species with oomdia falcate in snape. 
Their thick stromata had oeen m^staken as im- 
perfect pycnidia or sporodochia in oid litera- 
tures. Thereby, most of such species were 
treated as P'ermicuiana, winch had recently 
been proved to be no thing but a synonym oi 
OMetptrichum, Those species are mostly simi- 
lar to each other in morphology. The measure- 
ments of conidia and other structures are fairly 
variable and in most cases overlapping between 
species, and hence cannot be always relied upon 
as a satisfactory criterion for their specific sepa- 
ration. The shape of conidia may serve in dis- 
tinguishing species in a few cases. Bor 

instances, 6b atramentarium (B. et Br.) Taub. 
is characterized by its cigar-shaped conidia and 
0. fruotus (B. et H.) Bacc. has conidia with 
wails nearly parallel throughout the middle half 
and one end tapering much more abruptly than 
the other. In habitat, those species vary from 
sapyrophytic to strongly pathogenic. When 
inoculated on ripe succulent fruits, most of 
them are able to cause decay of varying degrees. 
Within that group of fungi, the ascigerous stage 
has not so far been discovered, except in one 
case, i.e. G. Glycines. Based upon the conidial 
stage alone, their taxonomy is a much confused 
matter. With future advancement in the know- 


ledge regarding their genetic connection, they 
may be proved as distinct valid species. On 
the other hand, it is not impossible that they 
may be eventually proved as merely conidial 
strains belonging to one single ascigerous fungus, 
as in the case of Glomerella cingulata (Btonem.) 
Sch. et Sfiauld. 

0, Capsici is a fungus belonging to the above- 
mentioned group. Its distribution has been 
recorded from Asia, Africa, and South and 
North America, but chiefly limited to tropical 
and subtropical regions. The three isolates 
from pepper, tomato, and eggplant found in 
Chengtu, Szechuan Province, are very much 
alike in morphology and cultural charac- 
teristics, and agree well with the original 
description and the cotype material of the 
fungus. It is a weak parasite, causing a ripe 
rot of fruits of its natural hosts under favourable 
conditions. In comparing it with G, indicum 
from cotton and G. Glycines from soybean, no 
remarkable difference in morphological charac- 
ters can be observed. The only thing which 
serves to distinguish them is pathogenicity. 
The latter two species are both capable of killing 
their respective hosts at the seedling stage, 
while 0. Capsici is unable to do so. 

Based upon his cross-inoculation experiments, 
Bundararaman [1927] believes C. Curcumae 
to be identical with 0. Capsici. Since the 
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forBier species has not been found in tMs region 
and the latter fungus that Sundararaman had 
worked with has apparently a much wider host 
range than that we have, a comparable experi- 
ment cannot be carried out to confirm this 
finding. However, it is still doubtful if any 
plant could be eventually found to serve as a 
differential host for these two fungi. ^ Moreover, 
as shown by the results of our expenments, for 
the purpose of differenting those fungi by patho- 
genicity, actively growing plants should be used 
instead of ripe succulent fruits and weakened 
plant organs which in fact will give no reliable 
indication of infective capability. 
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STUDIES IN THE PRESERVATION OP FRUITS AND VEGETABLES 

EFFECT OE MATURITY OF WILLIAM’S PEARS (KULU VALLEY, PUNJAB) ON THEIR j 

CANNING QUALITY 

By Lal Singh, B.Sc. (Hons.), M.So. (Calif.), Fruit Specialist, Punjab, and Gibdhabi Lal, 

Ph.D. (Lond.), D.I.C., Fruit Biochemist, Lyallpur 
(Received for publication on 22 May 1943) 

(With on© text-figure) 


Prior to conducting semi-commercial trials on 
the canning of William’s Pear [Lal Singh and 
Girdhari Lal, 1941] from Kulu Valley, it was 
observed in preliminary work on standardizing the 
method of canning, that general physical appear- 
ance and condition of the fruit depending upon 
its maturity had a marked effect on its canning 
quality. 

Detailed studies regarding the changes in colour, 
firmness and other physical and chemical proper- 
ties of Bartlett Pears (known as William’s Pear 
also) in relation to appropriate time of picking for 
transportation purposes, etc. in various parts of 
United States of America have drawn the atten- 
tion of Alien [1929] and Magness al. [1929]. 
Work of similar nature on fruits like apples [Magness 
et al., 1926] and peaches [Culpepper and Cladwell, 
1930] has been reported. It has been shown by 
these authors that attempts to measure chemical 
changes (i.e. percentage of solids, sugars, acid, 
pectin, esters, etc.) prove of little value as an index 
for appropriate maturity for harvesting. The 
investigation under report was, therefore, con- 
fined to the determination of firmness and colour 
of the fruit which have been found to be the best 
criteria [Allen, 1929] for harvesting pears, and on 


which depends the subsequent storage life of fruit 
for marketing as well as canning. 

Material 

In 1937, four random pear trees (William’s 
variety) in an orchard, situated about half a mile 
from Kulu town, were reserved for this experiment. 

In 1938, another different lot of four pear trees of 
the same variety were similarly selected. The 
experiment was conducted on the spot at Kulu. 

Experimental and methods 

Fifteen random pears from each of the four trees 
(making a collective sample of 60 pears) were pick- 
ed at five different intervals from 22 July to 9 
August in 1937 and 26 July to 12 August in 1938. 

To determine the firmness of pears, ten random 
fruits from each lot were used for prejssure tests, 
using a standard tester [Singh and Hamid, 1941] 
which measured in pounds the pressure required 
to force a plunger point 5/16th inch in diameter to 
a 'depth of 5/16th in. into the flesh of the fruit, the 
peel before testing being removed by the knife of 
the pressure tester. This ensured greater uni- 
formity and accurate determination of the firmness 
of the flesh. Two tests were made on each fruity j 
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the points selected for each test were on opposite position of the cross-section and at right angles to 
sides of the fruit at approximately the widest the core. 


Table I 

Ripening of William’s pears in Kulu valley in an orchard about half a mile from Kulu tov}n(Wd7-3,8) 



Bate 

Wt. of 60 
pears 

Average 
wt. 
of one 
pear 

Pressure 
tests 
(pounds) 
average 
of 10 
pears 

Colour* 
index 
of fruit on 
picking 

Number 

of 

days in 
storage 
at room 
temp, 
varying 
from 
75°-80°F. 
for 

completion 

of 

canning 

trials 

Conditionf of ripened 
fruit before canning 

22 July 

26 July 

30 July 

(1937) 

lb. 

23 

oz, 

0 

oz. 

6-13 

16*3 

1 to IJ 

11—21 

Very slight shrivelling, flat 


23 

0 

6*13 

16-9 

1 to li 

10—16 

and poor flavour, colour 
unattractive 

No shrivelling, quality me- 


24 

12 

6*66 

15-9 

1} to 2 

9—14 

dium colour yellow 

No shrivelling, good flavour. 

3 August 


25 

12 

6-87 

13*8 

2 

8—12 

yellow colour 

No shrivelling, very good 

9 August 


24 

4 

6*46 

13*2 

2 to 3 

6—8 

taste and flavour, attrac- 
tive yellow 

Ditto. 

26 July 

(1988) 

25 

5 

6*75 

17*77 

I J to 2 

7—9 

Slightly raw flavour, no 

30 July 


27 

6 

7*35 

15*03 

2 

6—9 

shrivelling 

No shrivelling, full pear 

3 August 


29 

1 

7-75 

14*12 

2 to 3 

6—7 

flavour and aroma., excel- 
lent colour 

Ditto. 

7 August 


24 

9 

6-65 

13*25 

2J to 3 

4___7 

Ditto. 

12 August 

. . . 

23 

10 

6*30 

12*37 

3 

5»-7 

Ditto. 


* Petails of colour index as used by Allenr—Noy 1, green ; No. 2, light green ; No. 3, yellowish green ; No. 4, yellow 

t In all cases, colour index was No. 4 and lenticels prominently developed 

Note — -The fruit before canning, in all cases, had become soft and showed no pressure test 


Average of 20 readings, thus obtained, was taken when the canning of each lot was finished, average 
as a measure of firmness of the fruit. Colour of weight of fruit, etc., are given in Table I. Varia- 
the fruit was determined by the aid of colour chart tions in the pressure tests are graphically repre- 
given by Allen [1929] and the method followed in sented in. Fig. 1. 

comparing the colour of the fruit (at different As already mentioned, the fruit of each lot, as it 
stages of maturity) with the different colour in- attained the appropriate softness (yielded to a 
dices designated as No. 1 (green), No. 2 (light green), very slight pressure of thumb) and developed the 
No. 3 (yellowish green), No. 4 (yellow) was essen- characteristic pear ' aroma ’ and the proper yellow 
tially the same as adopted by Allen [1929]. Where colour (index 4, Table I), was canned in40'^Brix 
the colour of the fruit appeared to be between two sugar syrup by the method outlined by Lai Singh 

shades, fractional numbers were used. The rest and Girdhari Lai [1941]. Ten different lots 

of the fruit from each lot after the above tests, was (Table I) of canned fruit as obtained in 1937 and 

stored at room temperature (75'^-80®F.) at Kulu. 1938 were brought to Lyallpur and stored at room 

Pressure tests of various lots, the number of days temperature and examined 4 times during a stor- 

iErom the time of picking when the fruits of each age period of about 2 years in each case. " Cut- 
lot began to show ripening (canning trials were out ’ tests were carried out by two or three indivi- 

started at this stage), the total period of storage dual observers in accordance with the score card 
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Fio 1 Softening of Wmiam’B pears in Kulu vaUey in an 

orXd at about half a »ile from Kulu town^ 
(Years 1937 - 38 } 

svstem given by Hirst and Adams [1932] This 
‘Cut-out^’ technique involved a study of (t) cut- 
out strength of syrup, (n) vacuum in cans, (t^) ex- 
ternal and internal conditionof can (tu). 

Lirtents, (e) condition of syrup, (w) flavour and 
taste of contents, (vU) correct quantity of contents, 
S ?0Baitio„ of contents, »>d (fa) 3 

Ladinv The above data as collected in a typical 
S out' of the canned pears durmg storage ^e 
dven in Table II. The entire data collected being 
vXminous are omitted for obvious reasons. 


DiSOtrSSION OF EBSULTS 
A. Changes in firmness of fruit, size, colour, etc. 

Pressure test for harvesting Bartlett pears m 
conducted by AUen [1929] in a number of orchards 

in IT S A for Eastern shipment varied, in gene- 

Sl from 19-0 to 23-0 lb. dependmg upo^ 
the locality. Similarly, Magness et al [19291 
determined the maturity of Bartlett pears from 
Pacific Coast Districts and found the pressure tests 
varying fi:om 13-9 to 26-3 lb. (about 19-0 to 
22-0 lb being the best for commercial pick- 
ing] These authors commenced their trials- on 
maturity, long before the commercial pictong sea- 
son and hence found a wide variation m these 
Ss^arly fruit giving a higher figure and we 
versa During the present study conducted at 
Kulu, the tests, which were carried out li^st at the 
start of the commercial picking season, lastog 
o^r a period of about three weeks, showed a 
°^ „»r,fnto 18 1b (Table I and Pig. 1). The 
Ses worked out in the U. S. A for Bartlett 
nears ond here in Kulu vaUey can hardly be ex- 
nected to be of similiar magnitude as it is well 
mcogized that the composition of frmt showawide 
variations under different chmatio conditions. 
Even in Kulu vaUey where the investigation was 
Sipfined to only one locality, there wa^ noticed S 


considerable variation in the harvesting time which 
differed from place to place because the topography 
of the valley is rolling with various exposures and 

elevations. _ , . , • t x. 

It is seen from Table I, that the weight and 

consequently the sizse of fruit, in general, tended to 
show an increase with the advance of season up to 
the begining of August and, thenceforth, there was 
a dechne il their weight towards the end of tha 
harvesting season nnlike the increase in the soft- 
ness of the fruit which was uniformly progressive 
with advance of season. Further, with the lateness 
in season, colour of the freshly picked frjutun 
accordance with the colour chart of Allen [192yj 
showed a gradual change in colour foy No. 1 {green) 
to No. 3 (yellowish green). The lenticels or breath- 
ing pores were prominent in fruits of all pickings 
and seemed to have developed corky tissue which 
reduced transpiration losses. 

B. Maturity of fruit as related to canning 

A study of Table I shows that in summer 1937 
the fruit had to be stored for a relatively longer 
neriod (varying from 6 to 21 days) after each piek- 
Lg before it properly ripened (colour index 4, 
Table I) and was & for canning than in summer 
1938 (period varying from 4 to 9 days), i.e. during 
the latter season the fruit ripened mucih more 
rapidly for canning purposes. This may be a,ttri- 
buted to the differences in the climatic condition 
of these years, aa the season of 1938 was relatively 
hotter and drier than 1937 summer. ^ 

Storage period required for fruit to attam proper 
softness and the desired yellow colour for cai^g 
decreased with, the advanoa of season. Early 
nicked fruit tended to show shght shriyeUing dur- 
fr g storage and the ripened fruit m this case was 
rather poor in quaUty. The quality of the store- 
ripened fruit improved with the advance m time ot 

®'l^Sl be seen from' Fig. 1, that Pf^sure tests 
during 1937 varied from 13 to 16 lb. and 12 to 18 lb. 
in the year 1938. ‘Cut-out’ tests carried out dur- 
ing the storage period of about 2 years on five lots 
(Table 11) showed that the fruit picked at 13-14 lb. 
pressure yielded the best results _ on canning and 
such fruits- were usuaUy found picked m the first 
week of August in commercial harvests at Kulu. 

SXTMMAEV 

(i) Firmness of William’s pears grown m_ Kulu 
valley, Punjab, as determined by a standard pr^- 
sure tester during the commercial harvests m 19^ 
and 1938, varied from 13 to 16 lb. and 12 to 18 lb. 

respectivdy.^ut , jotg of canned pears 

from each picking in 1937 and 1938, during a 
storage period of about two years, mdicated th9.t 
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the fruit picked at 13-14 lb. pressure, 3 rielded the 
best results on canning and such fruits were usually 
found picked in the first week of August in com- 
merciar harvest at Kulu. 
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STUDIES IN PRESERVATION- OP FRUIT JUICES, IV 


The most important problem in the preparation 
of fruit products is the retention, as much as 
possible, of fresh fruit flavour. Second to the 
retention of flavour and colour is the retention of 
their nutritive value. Fruit juices have attained 
prominence in the human diet, particularly of 
growing children, largely as a source of water- 
soluble vitamins B complex and C and it is neces- 
sary that least deterioration in the nutritive value 
should Ite effected during the course of preparation 
and preservation of any kind of fruit juice product. 

Citrus fruit juices being rich in vitamin C — ^the 
antiscorbutic vitamin, its determination in these 
juices has drawn the attention of quite a number 
of workers during recent years. Biological as well 
as chemical methods of its estimation have been 
found to give similar results. Davey [1921] show- 
ed that antiscorbutic vitamin of lemon juice was 
preserved at temperatures near freezing point by 
0-06 per cent potassium meta-bisitlphite but at 
higher temperatures destruction of vitamin occur- 
red. It was later found [Delf, 1925] that five-sixth 
of the antiscorbutic potency of lemon juice was 
lost after 4| years' storage, when 0-06 per cCnt 
potassium meta -bisulphite was present. William 
and Corran [1930] concluded that potassium meta- 
bisulphite was the best (of several including sodium 
benzoate) preservative for lemon juice, but it had 
deleterious effect on vitamin C at ordinary room 
temperatures. Bonnet and Tarbet [1933] have 
recorded some interesting observations on the 


effect of different preservatives, addition of sugar, 
heating and pasteurization, etc., on the vitamin 
C content of lemon and orange juice during storage, 
and concluded that in untreated juice the reduc- 
ing factor is protected from atmospheric oxidation 
hy the action of an enzyme and that when this 
action is inliibited by any of the usual means, the 
reducing power is rapidly lost, least deterioration 
taking place when sulphur dioxide was used as a 
preservative. Joslyn et [1934] studied the 
relationship of browning of orange juice with its 
vitamin C content and concluded ‘ the extent of 
browning parallels the extent of loss in vitamin 0 
so that either the latter is involved in browning or 
it is destroyed simultaneously 

Very little information is available in the litera- 
ture as to the extent of loss of antiscorbutic potency 
of sweetened juices (squashes, syrups, cordials, 
etc.) preserved in different manners except the 
work of Charley [1941] who determined the loss of 
vitamin 0 taking place during storage of syrups pre- 
pared and preserved under different manners for 
fruits like strawberry and black-currant. 

The present study embodies the determination 
of changes taking place in the vitamin C content of 
orange and lemon squash of varying sugar, concen- 
trations preserved under different methods of 
preservation. 

Mateeial 


Twenty-six sets of squashes of orange (Malta) 
and lemon (Eureka variety) with syt*up densities 


/ 
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of 35®, 45® and 65® Brix in the finished product 
were chemically preserved with sodium benzoate 
(0-1 per cent), potassium meta-bisulphite (0*07 
per cent) and pasteurization (at 185®-190®F.) for 
half an hour. Half of the above samples were 
prepared from freshly expressed juice and the other 
half from |mce pre-heated to 87*5°C, for two 
minutes. 

Methods oe analysis 

Tillman's method (titrating ascorbic acid with 
a standard solution of 2:6 dichlorophenoL 
indophenol) as developed by Bennet and Tarbet 
[1933] was applied to orange and lemon juice, but 
was found unsatisfactoiy on ^count of indefini;fee 
end-point of the titration. '^Tillman’s method4s 
modified by Birc^, Harris and Ray [1933] L4nd 
Ahmad [1935]\j^as tried and found to give satis- 
factory results. The standard solution of the 
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indicator (2 : 6 dichlorophenol-indophenol) was 
prepared by the method of Birch, Harris and Ray 
[1933] and standardized against pure ascorbic acid 
solution which in turn was standardized against 
0*01 K Iodine. 

In the samples of orange and lemon squash pre- 
served with sulphur dioxide, it was found that the 
presence of sulphur dioxide seriously interfered 
with the titration values for the indicator. Ben- 
net and Tarbet [1933] and Downer [1941] suggest 
the removal of sulphur dioxide in a current of COg. 
NTo mention of the temperature, time and the mode 
of removal of SOg is made. Experiments were, 
therefore, Undertaken with the natural juice con- 
taining sulphur dioxide to find the best method for 
driving away sulphur dioxide, and the results are 
presented in Table I. 

The estimations of ascorbic acid were done in 
duplicate aU through this investigation. 

jB 1 


Effect of SO 2 on tJie ascorbic acid content of Malta orange juice 


Sample 

No. 

Treatment of juice 

ml. of 
juice 
for 

1-0 ml. 
indicator 

Concentration of ascorbic acid 
in juice mg./l 00 ml. 

1 

Natural orange juice (immediately after extraction) . 

1-69 

60*4 (Original concentration) 

2 

Juice in (I) with 0-07 per cent potassium meta-bisulphite . 

i-35 

63-0 (Value increased due to 




presence of SO 2 ) 

3 

Sample (2) evacuated on pump in air for 10 min. 

1'68 

50* 6 (Restored to original value) 

4 

Sample (2) evacuated on pump in air for 20 min, . . 

1*68 

50*6 Ditto. 

6 

Sample (2) evacuated on pump in air for 30 min. 

1-69 

50*4 Ditto. 

6 

Sample (2) evacuated on pump in COg for 10 4nin, . 

, 1-69 

50*4 Ditto. 


Sample (2) evacuated on pump in CO^ for 20 min. 

1-68 

50*6 Ditto. 

8 

Sample (2) evacuated on pump in CG 2 for 30 min. 

1-69 

50*4 Ditto. 

9 1 

Sample (1) evacuated on pump in air for 10 min. 

1-69 

60*4 Ditto. 


It will be seen from Table I that removal of sul- 
phur dioxide under vacuum at a temperature of 
100®-110°F. in a current of air or carbon dioxide 
restores the titration value of the juice containing 
sulphur dioxide, to the original value of the natural 
orange juice. Also, evacuation on pump in air for 
10 min. does not affect the ascorbic acid value of 
the juice (item 9, Table I). An experiment, on 
similar lines as above, was conducted with samples 
of lemon and orange squash, separately, and re- 
sults of similar nature were obtained. Hence the 
removal of sulphur dioxide by passing a restricted 
current of air under reduced pressure at a tempera- 
ture of 100°-110®F. for 10 min. was effected in the 
samples of squashes containing sulphur dioxide. 

It has, however, been recently claimed by 
Kirkpatrick [1941] that sulphur dioxide caused no 
interference with the dye titration, provided the 
end point was taken when the pink tinge persisted 


for 10 sec., a limit of even 30 sec. taken, introduced 
considerable error. On the other hand, Mapson 
[1942] found that sulphur dioxide in acid solution 
reduced the dye instantaneously and caused serious 
errors in the estimation of ascorbic acid in the case 
of vegetable extracts containing sulphur dioxide. 
In the method employed during the present study, 
the titration was concluded within 2-3 min. and 
the end point was taken when the pink colour 
persisted for a few seconds [Birch, Harris and Ray, 
1933]. By this method also sulphur dioxide 
interfered in the titration values and had to be 
driven off as mentioned above. 

Expebimental 

With the object of determining ascorbic acid 
content of different varieties of citrus fruits, 18 
varieties of Malta {Citrus sinensis Osbeck), one 
vu,riety of lemon [Citrus limonia) and two yp,riet}e§ 
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Table II V 

Ascorbic acid content of different varieties of citrus 
fruits— January-Fehruary 1938 


Serial 

No. 

Fruit 

Variety 

Mg. 

ascorbic 
acid 
per 100 
ml. 
juice 

1 

Sweet orange (Mal- 
ta orange) 

Common (Lahore) 

60-73 

2 

Do. 

Common (Agra) . 

61' 62 

3 

Do. 

Valencia Late (Aus- 
tralia) 

55 '94 

4 

Do. 

Common (Local) . 

72-47 

5 

Do. 

Blood Eod (Guj- 
ranwala) 

54-51 

6 

Do. 

Blood Bed (Aus- 
tralia) 

60*73 

7 1 

Do. 

Blood Bed (Lyal- 
pur) 

Euby (Solon) 

63*92 

8 

Do. 

61*62 

9 

Do. 

Vanielli 

72 '06 

10 

Do. 

St. Micheal 

55-21 

11 

Do. 

Excellencis 

62-13 

12 

Do. 

i Jafe , . , 

58-12 

13 

Sweet orange 

i Musambi . 

56-65 

14 

Do. 

Washington Naval 

60-86 

15 

Do. 

Dulcis 

45-43 

16 

Do. 

Duroi 

53*28 

17 

Do. 

Hamilin 

72-19 

18 

Do. 

Pine -apple . 

84-42 

19 

Lemon 

Eureka 

38- 1C 

20 

Mandarin {/Sang- 
tra) 

Common 

25-50 

21 

Do. 

Nagpuri 

24-60 


Note. Fruits undor item 1 to 19 were obtained from 
the Experimental Garden, Lyallpur, and two varieties of 
Sangtra (items 20-21) were obtained from the local market 

of sangtra {Citrus nobilis, Lour), were analysed, 
and the data obtained are recorded in Table 11. 


Wide variations in the ascorbic acid content of 
different varieties of Malta are of special interest. 
The ascorbic acid content varies from 45 to 84 mg. 
per 100 ml. in the juice of different varieties. In 
common Malta (plants imported from different 
sources) the ascorbic acid values vary from 60-73 
to 72-47 mg. per 100 ml. of Juice, in " blood red ' 
varieties, the minimum and maximum limits being 
53*92 to 60*73 mg, per 100 ml. of juice. A great 
deal of variation is also observed in other varieties ; 
lemon and sangtra giving comparatively low figures. 
Daniel and Rutherford [1937] carried out a similar 
survey of ascorbic acid content of different varie- 
ties of citrus fruit like orange, lemon, tangerine and 
grape fruit grown at different localities and found 
wide variations in the ascorbic acid values of dif- 
ferent varieties and even in the same variety grown 
in different localities. They also found that ' Ruby 
blood ^ variety had much lower aseorbio acid con- 
tent (37 mg. per 100 ml. of juice) than other varie- 
ties like Pine-apple, Hamilin, Washington naval, 
Valencia, etc,; their ascorbic acid values varying 
from 32 to 62 mg. per 100 ml. of juice. Ascorbic 
acid values of tangerine varieties varied if om 18 
to 24 mg. per 100 ml. of juice. 

Since the ' Common ’ variety of Malta is a com- 
mercial variety in this Province, it was used for 
experiments on orange squash. Eitreka variety 
of lemon, available in the Experimental Garden, 
LyaUpur, was used in lemon squash. 

Methods used in the preparation of various sets 
of squashes were essentially the same as outlined 
by Lai Singh and Girdhari Lai [1938]. The analy- 
sis of the samples of juice employed in making 
these sets is given in Table III. Foot notes in this 
table give details of the peel emulsion added to 
fortify the flavour of squashes prepared. 


Table III 



Acidity 

Degrees 

Sp. gr. 

Ml. juie© 

Ascorbic 


as ■ 

Brix 

of 

for 

acid 

Juice 

per cent 
citric 

at 

63°B'. 

'"'■■•juice.:, 

at 

1-0 ml. 
indica- 

values 

mg-/ 


acid 


20°C. 

tor 

100 ml. 

1. Orange (Malta) juice employed in lots A,B & C (Table 

0*55 

8-86 

1-035 

2-23 

45-43 

IV) 

2. Orange (Malta) juice employed in lots D & E (Table 

; 0-57 

8-88 

1-036 

2-40 1 

. 1 

42 21 

IV)' 

3. Lemon (European variety) juice ehaployed in lots A & 

4-85 

7-97 

1-030 

3-24 j 

31-25 

B (Table V) 

4. Lemon (European variety) juice employed in lots 0 & : 

3-30 

6-43 

1-026 

3-23 ! 

31*4 

D (Table V) 1 



" 

•i 

4.U, 

Al- • TF . 


(1) Peel of 4-0 per ceat fruits used for juice extraction was tiiorougaly ground and strained through thick 


cloth and o squash, one-fourth of the letoons used wore separately shcod and crushed in q 

basket press and the extracted juice was mij?ed with the rest of the juice (extracted in the ordinary manner) 


-■t- 
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6S^ Brfx(Prchca/cc/ Jalcc) ORAM&f; SQUASH 


*?/ Brix (Preheated Juice ) 


M 65 3rix (unhmttd JuUc) 


Jl 4 s"' BTJX (^unhealed Juice) 


3S ^rix ( UT2 heated Juice) 


JAN. res. MA«. ARR. HAY. JURE. JULY. AU(S. SLR. OCr». NOV. DEC. JAM, 

/ /it I, i/ariations in Me PiMym"/ ft C Content (AscoyUfc octet h^/uea) dwrtffp Sforoffc at Jtoani 

It mpefaiur&fot Oronge sgaosh mirk ctU/eren^ concejnt*ettons^ct sugof* intAe thtUfieti 
product under dortour frAthods ot preservation * 

SaUASW PRESERVED with 04 PCRCCMT SOOiUM SEWiOATE, 

— * SQUASH PASTEURIZED AT 185-19<f S rOR 1t0*30 MINUiTES, 

— SQUASH PRESERVED Wirm 0»0» PERCDHT PO.TASSroM METAQISULFHATfi, 

Ascorbic acid values of orange squash (A to E— of preparation of a squash. 

36° to 60° Brix) deterinined at varying intervals Similar data, as collected in the ease 
during storage frona 21 January 1937 to 7 Janu- squash, have been given for lemon 
ary 1938 are given in Table IV. Unheated Table V, except that squash with 35° 1 
juice was employed in lots A to 0, whereas in lots strength was not prepared in this ease 
D and E, juice which had been heated at 87-5°C. suits given in Tables IV and V are g 
for 2 min. was employed for making the squash, represented in Figs. 1 and 2, respectivelj 
Joslyn and Marsh [1934] suggest that in order to picture of the losses of vitamin C in thef 
destroy peetic enzymes involved in the clearing and be obtained from Table VI in which the 1 
clumping ofjuice,itmustbeheatedto87-5°G. for decrease of ascorbic acid values durinj 
2 min. or for 8 min. at 85°C. In order to see whe- five weeks, succeeding 11 months’ stc 
ther this pre-heating of juice in any way affected ultimate total loss are given. -The los 
the vitamin C content of squash, the above method the (1) and (2) periods (Table VI) are g 
was also adopted in addition to the usual method represented in Fig. 3. 
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IAN*. HAA- AAR. mAV. JUHK. JU4Y. AUCi. %tP‘. OCT. NOV. PK.C. JTAN. 

■ , , M . —., 530 - 

/v6»2. t/arJMihns ni iht i^iomfn C cpn/iutC^scorJiic acid yah/esj^arino Storage at 
Boom U'mf^eraturc, of lemon S^tmeih (^European ttaric/y) ioi/h (/ifferent 
Conci^nlvattans of Sv/gar in fttet Bnfthed product under t/arious meifiods of 
prestruafton - ) 

SQUASH PRESCRVCO WJtH O^f PfftCCNT SODIUM BENlOAVf. 

50 UASH PAaTCURlZEO at l© 5 -* 50 r FOR 20 ~ 30 MVS. 

SQUASH PRCSCrtVtO W»rH O-OT F«RC£NT POTASStUM MITASlSULlPHlTE. 


ASOOEBIC ACID LOSSES IK OEAMOE AND LEMON 
SQUASH 

Brief account of the results of experimental data 
presented above have been reported in tte^ual 
Progress Eeports of the Fruit and Vegetable Pre- 
servation Scheme (1937-38). DetaiM considera- 
tions regarding the loss of ascorbic acid content in 
orange and lemon squash during storage, m eluci- 
dated by the data obtained are briefly discussed 
below. 

{») Effect of different methods of preservation 

It is well known that all kinds of fruit and ve^- 
table products during storage 

and their vitamin content, “ 

ri926] and WiUiam and Corran [1930], while deter- 
the loss of antiscorbutic potency of lemon 
juice, showed that vitamin C showed a decline of 


varying degree under different conditions of 
servation and storage. A loss of ascorbic acid 
content of similar nature in sweetens 1^^^^ 
orange juice of varying degree, under dinerent 
treatments is observed from the data presented in 
this publication. The ascorbic acid values per 100 
ml. of orange and lemon squash in all treatments, 
show a decline (Figs. 1 and 2) which is compara- 
tively more pronounced in samples of squash either 
preserved with sodium benzoate or pasteurization, 
decrease in ascorbic acid values being the least in 
samples of squash preserved with sulphur dio^de* 
The pasteurized squash loses its ascorbic acid at 
about the same rate as that treated with benzoic 
acid. Decrease in ascorbic acid values is much 
more rapid during the first five weeks of storage 
than the loss taking place in the latter pai^ oi the 
storage period (Figs, 1, 2 and 3). Durmg one 
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LEMON SauASH 


ORAN&E SQUASH 


•>. tEMPvoveo 


UHlOAT* ^0 1 7i») 


8 1 SUL PHlT* 


lemon squash ) 


m^mt SQUASH ) 


* swash) (^S ern »UA swth) w i4iroMf.aouo.n? 

rr^heuts M&ths ef s forage oi Bes^tnUmptrafurty^ \J.on from a«.a.>7 ta 7./-10 (/o*- sufete.dttig rn 

fcrcentaat toi% in Astor^h o<\d Votuts durino cC/ftrt nt periods of stor^pc of ouA^at 
(Yat/hi^ concentration* of tudar in ihc finished product and packed under di//e 
in which unheated fuicc and fht futt€ prehtaUd h or s\ for Z mts. was empfo/cd , 

Table IV 

Ascorbic acid content of orange squash during storage 

(mg. ascorbic acid/ 100 ml. of squash) 


Lots 

Date 

Preserved 

with 

0*1 

per cent 
sodium 
benssoate 

Pasteurized 

at 

185-190°F. 

for 

20-30 

min. 

Preserved 
with 0-07 
per cent 
potassium 
metabisul- 
phite 

Remarks 

A 






(35° Brix) 

21-1-1937 

36-18 

38-81 




26-2-1937 

30-77 

29-62 

31-53 



6-5-1937 

27-25 

25-72 

27-49 



24-6-1937 

27-52 

25-79 

27-90 



7-1-1938 

18-90 

19-41 

24-71 


B 






(45° Brix) 

21-1-1937 

29-62 

31-85 

.. 



26-2-1937 

25-72 

26-96 

27-44 



6-5-1937 

25-68 

23-70 

27-06 

^Dnheated juice used 


24-6-1937 

21-83 

23-65 

27-68 

for lots A, B and C 


7-1-0938 

14-17 

14-29 

16-55 


0 

(65® Brix) 

21-1-1937 

27-52 

29-36 




26-2-1937 

^ 21'-'72 1 

21-42 

23-96 



6-5-1937 

20-30 j 

18-62 

20-7§ 



24-6-1937 

19*33 ! 

18-38 

19-75 



7.1-1938 

11-83 

10-92 

13-72 


D' 






(45® Brix) 

21-1-1937 

27-45 

29-62 




26-2-1937 

25-81 

26-97 




6-5-1937 

25-45 

24-86 




24-6-1937 

26-07 

24-69 




7-1-1938 

17-96 

16-85 



E 





^Pre-heated juice 

(65® Brix) 

21-1-1937 

23-61 

23-02 


(heated at 87 • 5®G. 


26-2-1937 

21*55 . 

20-80 

24-05 

for 2 min.) used for 


6-5-1937 

Spoiled 

18-36 

23-81 

lots D and E 


24-.6-1937 . 

14-08 

18-66 

20-55 


~ ' i: ' 

71.1.1938- 

1:41-60 I 

13*20 

16-39 



Percentaoc loss in Ascorisic J^Uf i4 
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Table V 

Ascorbic acid content of lemon squash during storage 
(mg. ascorbic acid/l6o ml. of squash) 
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Date 

Preserved 

with 

0-1 

per cent 
sodium 
benzoate 

Pasteurized 

at 

185-190®F. 

for 

20-30 

min. 

Preserved 

with 

0‘07 

per cent 
potassium 
metabisul- 
phite 

Remarks 

A 







(46° Brix) . . . . 

21-1-1937 

15-49 

15-35 

. . 

•> 



26-2-1937 

14-43 

14-64 

14-59 




6-5-1937 

14-07 

12-97 

14-76 




24-6-1937 

13-05 

12-40 

14-94 




7-1-1938 

10-21 

10-90 

11-41 



B 






> Unheated juice for 

{66* Brix) . . . . . 

21-1-1937 

16-16 

, 16-13 

. . 


lots A «& B 


26-2-1937 

13-96 

13*77 

13-47 




6-5-1937 

13-86 

13-36 

13-0 




24-6-1937 

13-99 

13*54 

13-63 



0 

(45® Brix) . . . 

7-1-1938 

9-23 

.9-62 

1 10*05 



21-1-1937 

20-69 

20*76 





26-2-1937 

19-45 

19-36 

20-63 




6-5-1937 

18-97 

18-40 

20-59 




24-6-1937 

17-90 

16-10 

20*59 




7-1-1938 

12-38 

12-23 

13-84 

\ 

>• Pre-heated juice (at 

D 






87-5°C. «€or 2 min.) 

(65® Brix) . 

21-1-1937 

15-35 

15-06 



employed for lots 0 


26-2-1937 

13-92 

13-84 

is- 76 


and D 


6-5-1937 

12-50 

12-51 

12-79 




24-6-1937 

12-63 

12-91 

13-86 




1 7-1-1938 

1 

8-48 

8-38 

10-21 

- 



yearns storage, total loss in the ascorbic acid values 
(all treatments) varies from about 38 to 62 per cent 
in orange squash and about 30-45 per cent in 
lemon squash. Final acidity of samples of lemon 
squash and orange squash was about 2 * 5 per cent 
and 1 *5 per cent (in terms of citric acid), respec- 
tively. Higher acidity of lemon squash seems to 
have comparatively a better protective influence 
on its antiscorbutic potency than the less acid 
orange squash which shows more deterioration in 
its vitamin content. 

It would appear, therefore, that sulphur dioxide 
is comparatively a better preservative towards 
vitamin 0 in citrus fruit squashes than pasteuriza- 
tion and sodium benzoate [Annual Progress Re- 
port, 1938]. Later, Charley [1941] also reported 
that both in strawberry and black-currant syrups, 
sulphur dioxide acted as a definite preservative 
towards vitamin C, while pasteurization and ben- 
zoate additions were much less satisfactory means 
of preserving the vitamin as compared with sul- 
phur dioxide treatment. Rennet and Tarbet 
[1933] reported results of similar nature in the case 
of orange and lemon juice (plain and sweetened 
with 40 per cent cane sugar) preserved by similar 
methods, but reported that the reducing power of 
these even in the case of SO^ disappeared within 


30-40 days which is a much faster rate of loss than 
that found in the present study. They have fur- 
ther made a tentative suggestion that in orange 
juice, ascorbic acid was retained in the presence of 
sulphurous acid to a greater extent than in lemon 
juice. This again is contradictory to the results 
presentedln the present study in which magnitude 
of losses of ascorbic acid in orange squash under all 
treatments are greater than in the case of lemon 
squash. 

{ii) Effect of pre-heating the juice 

A very interesting phenomenon in the behaviour 
of orange and lemon squashes prepared from un- 
heated and pre-heated juice is noticed from the 
losses of ascorbic acid during 11 months’ storage 
(Table V), During first five weeks of storage 
(Fig. 3) the dijflerences in the ascorbic acid losses 
in the samples prepared from pre-heated and un- 
heated jui 9 e are not so marked, but during succeed- 
ing 11 months, there is definitely more loss of as- 
corbic acid in the squash prepared from pre-heated 
juice than that prepared from the unheated juice. 
It will be seen that in orange squash, irrespective 
of all treatments, the product prepared from the 
pre-heated j uice, shows '“less deterioration in its 
vitamin C (ascorbic acid) content than that 
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prepared from iin-heated juice. In lemon squash, content. Charley [1941] ohserired rather high 
however, this process seema to he reversed. loss of about 64 per cent of vitamin G in con- 

Loss of ascorbic acid presented in Mg. 8 can be eentrated black-currant Juice (Juice concentrate 
summarized as ; 7 : 1). No explanation has been offered by Mm 

Orange Lemon for this abnormal loss. THs high loss may have 

squash squash been due to increased concentration of Sugar in 

^ ■ the concentrates, as has been observed during the 

Uiihoatod juice . . More loss Less loss present study in case of squashes with high sugar 

Heated juice . . Less loss More loss content, Griebel and Hess [1942] on the basis of 

their experiments on rose-hip and black-currant 
At first sight, it appears that a fairly simple Jams, suggest that 'a high sugar content is an 
explanation can be given by assuming that the important factor in preserving the ascorbic acid 
volume of dissolved air in the case of orange Juice content of foods They , however, do not give a 
is greater than in lemon Juice and brings about a clear conception of the comparative effect of dif- 
greater loss of ascorbic acid in the unheated Juice ferent concentrations of sugar on the vitamin con- 
than in the heated one, where it is eliminated by tent of foods. 

heating. Comparing this with the heated lemon The author takes this opportunity to thank 
Juice, the lesser amount of dissolved air must Sardar Bahadur Lai Singh, Mult Specialist, Pun- 
naturally be expected to produce less loss of as- jab, for his advice and criticism during the course 
corbie acid. On the contrary, there is more loss, of this investigation. He expresses his indebted- 
This explanation has, therefore, to he ruled out ness to the Imperial Council of Agricultural Re- 
and another sought for. search for the research grant under which this 

In plant tissues, the destruction of ascorbic acid study was carried out, 
is either (i) oxidative, and is caused by the action 

of air alone or when they are heated in contact Sxtmmaey 

with air, and {ii) enzymatic, due to the action of 

vitamin C (ascorbic acid) oxidase or ascorbase, L Changes in the ascorbic acid values of orange 
if present, the destructive action of which is inhi- (Malta) squash and lemon squash with different 
bitedbyheat. Aithoug hoitrus Juices do not have sugar syrup^ strengths (85°, 45° and 65° Brix) 
any appreciable quantities of ascorbase [Cruess, preserved with sodium benzoate, sulphur dioxide 
1938] it is, nevertheless, easy to conceive of the and pasteurization, have been studied during a 
presence of amall quantities of ascorbase in the stoage period of one year. ^ 

case of orange juice and absence in lemon Juice, titration method of Tillman with 

Therefore, in orange squash prepared from pre- I dichlorophenol-indophenol as modified by 
heated Juice, the ascorbase will be inactivated by I Birch, Harris and Bay [1988] has been satisfac- 
heat, thus, inhibiting its destructive action on I torily employed for determining ascorbic acid 
vitamin C. TMs inactivation of ascorbase brings I values. . , . 

about comparatively smaller losses of ascorbic^' 8. Sulphur dioxide was found to seriously inter- 
acid in the heated Juice. In lemon squash, how- fere with the titration value for the dye and was 
ever, pre-heating appears to introduce purely satisfactorily driven off under reduced pressure in 
oxidative changes, due to the action of heat and a current of air at 100°-110°P. 
air, thus resulting in an accelerated loss of ascorbic 4. Preservation with sulphur dioxide was corn- 
acid as compared with the loss in unheated juice. paratively more effective in conserving the vitamin 

C content of orange and lemon squashes than the 

(in) Effect of syrup strength addition of sodium benzoate or pasteurization. 

It will be seen from Fig. 3 and Table VI that, in 5. Orange squash, irrespective of methods of 
general, lemon and orange squashes with high preservation, etc., showed more losses in ascorbic 
sugar syrup strength (65° Brix), irrespective of acid than lemon squash, during a storage period of 
methods of preservation, have a tendency to lose about one year. 

more ascorbic acid than the squash with lower 6. In orange squash, pre-heating the juice, irres- 
sugar content (45° Brix). Losses are more pro- pectiveofmethodsofpreservationandsugarcon- 
nounced when unheated Juice is employed for mak- centration, has a protective influence on the us- 
ing either of the squashes. corhic acid value, which may be due to the pre- 

High sugar concentration in preserved foods is sence of some amount of ascorbic acid oxidpe in 
known to exert a definite preservative action orange Juice which is inactivated by the action of 
against spoilage due to moulds, yeast, etc., but it heat, whereas in lemon squash, pre-heating the 
seems to be not so effective in conserving the juice adversely affected its ascorbic acid content, 
vitamin C of the squashes in storage, the high as- the action being probably ‘oxidative’ in this 
corbie acid values being associated with low sugar case. 
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180 i,- 1, E M {1926). The influence of storage on the anti^. 

7. During storage period of about one year, bogb » ^^„“Xe of fruits and vegetable jmces. Bwofeem. J. 

sugar iSeSed Jiiw, bas v^omwi^A^W. E- (19«). Determination of ascorbic acid, 

orange squa , p destructive action on the ■^V'®i“'f?^‘®^k‘Hess ’ G.’ (1942). Stability of ascorbic 

LcSTiS tluTto W sugar concentra- 

tion (45° Brix). 12,J8 The relation of reducing value 

» ' ' _ - ' • _ j. _ wTi + Tn ti f'nnTjAnij or 


-f- G.’ (1942). Stability of ascorbic 

Sn fooS rich in’sugar. NuirUimi Ahs. and Beview, 

— et al. (1934). The relation of reducing value 

.. vt n0H61 Observations on the chemical method orm^^ P ^ (1934) go^e factors 

ektSon of 29.. 275-81 “"volved in the preservation of orange jmce by canning. 

^eSet! A. H., and ( 194 ^ 1 ) 39 /*^“’“ ^ “ TV'-^r^t^bk “h 'f V'(i941). The determination of 

jmces ^ ie,o acif 'ank sulpL dioxide in fruit juices. J. 

C^SS'v L. s. ,mi). wa. M. pe- « •»» «' 

contend oL number of citrus fruits. J. asru>. Bes. j. 34 , 37.50 

54, 689-93 
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Bacteria in Everyday Liie. By M. R. Madhok. 
{Published by Dr M. B. Madlwk, 
cultural Col^e and Research JnsUtute, LyaU- 
pur, 1942 pp. 14, Be. 1-8) 

This is a handy booklet dealing with the 
difierent aspects of bacteria in everyday Me. 
The contents include interesting chapters on tbe 
origin and scope of bacteriology, bacteria m 

agriculture, bacteria in arts and industaes, ina 
portant bacterial diseases, their causes and cure 
and so on. The book is written m & simple 
language and should prove to be useful to the 
students of agricultural colleges and_ other in- 
terested in the subject. The get-up is as good 
as can be expected. — S.O.E. 

Phalon hi khetior habosai {ThM Edition), 
DvN T. Vvas. (Published by the Manager, Lea- 
der Press, Allahabad, 1942, pp . 233, Be. 1-10) 
The book covers in its 11 chapters all the 
different aspects of fruit culture and pre- 


sents the importance of the fruit industry 
and the possibilities of commercial orcharding 
in India. Important items of orchard manage- 
ment dealing with the selection of site, omtiva- 
tion, suitable layouts, manuring, methods ot . 
propagation, after-care, the occurrence of 
diseases and pests and their control have all 
been properly dealt with in a lucid and simple 
style. 

The previous editions of the book were very 
well received all over the country and it is cer- 
tain that the present edition will continue to 
prove as useful as the previous ones. It has 
Leady been recognized as a text-book for the 
agricultural schools in different ^provinees^ and 
should prove to be of considerable value_ to all 
interested in fruit culture. It is certainly a 
most useful addition to the limited vernaeulai 
literature available on agricultural subjects.— 

S.G.R. 
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ORIGINAL ARTICLES 

STUDIES m THE PERIODIC PARTIAL FAILURES OF THE PUN JAB - 
AMERICAN COTTONS IN THE PUNJAB 
Xri. FURTHER EXPERIMENTS ON THE AMELIORATION OF TIRAK* 

By R. H. DASTFE.f Mttkhtae Singh and Shcha Singh, Punjab Agricultural College, Lyallpur 

(Received for publication on 29 June 1943) 


The importance of June sowing as an arneliora- present in 
tiye measure for occurring on the two was stuntc 

soil types, viz. sandy loam with saline sub- Over m£ 
soil and light sandy soil deficient in nitrogen, good growl 

has already been demonstrated by Dastur and show sym] 
Mukhtar Singh [1942; 1944]. It was also yellowing 

pointed out that the application of siil- ing was ni 

phate of ammonia on the former soil type was so imperfe^ 

a total failure, whereas its use on the latter the aggrav 
was highly effective. There are, however, that nearl 

lands w^here both the fzra?c-promoting soil- 1 lb. of he 

conditions co-exist. Light sandy soils deficient At some 

in nitrogen are also found to contain saline or with shor 

alkaline subsoil A brief reference to tirah copper-colo 

amelioration on such fields must be made, On examin 
■before further evidence on the success of the quantities 
three ameliorative measures, namely, nitrogen. The fioweri 
water and late sowing, under the different soil tho fruitin| 
conditions, is presented and discussed. small con 

Solitary fio 

Investigation 

The examii 

A. Amelioration of tirak plants, on 

and second 

' A field, where the worst form of tirah was rootlets, i 
observed in the cotton season of 193.7 was rootlets, h 
selected at the Lyallpur Agricultural Farm for i^nnibers, I 
experimentation. The mechanical analysis of leaving da' 
the soil showed that it generally contained emergence, 
about 76 per cent of sand in the upper 2 ft. clay with i 
At places, the sand 'was as high as 80 per cent res^nsible 
on the surface and seedlings died soon after isoMed pa 
germination on such spots. The third and the A factori 
fourth feet had comparatively lower percentage field in 19c 

of sand. The sand fraction, however, in- amelioratm 
creased again from the fifth foot, till it was namely, ni' 
praoticallv all sand below. of extra pr 

The chemical analyses revealed the pre- ment was : 
sence of vannng amounts of sodium clay at water. Thi 
different depths. Wherever sodium clay was nations of: 


present in the upper 2 ft. , the growth of plants 
was stunted. 

Over major portion of the field, plants made 
good growth up to August, when they began to 
show symptoms of nitrogen starvation; i>e. 
yellowing and reddening of leaves. The bear- 
ing was normal, but the individual bolls were 
so imperfect in development on account of 
the aggravating influence of adverse subsoil 
that nearly 1000 bolls were required to give 
1 lb. of hapas. 

At some places, the plants became stocky 
with short internodes. The leaves turned 
copper-coloured, curled upwards forming cups. 
On examination such leaves showed large 
quantities of starch in the mesophyli cells. 
The fiowers appeared in clusters at the tips of 
the fruiting branches. The bolls formed were 
small containing highly immature seeds. 
Solitary fiowers continued to he produced till 
late in the season, but they were usually shed. 
The examinaiion of the root system of such 
plants, on this field, showed vigorous main 
and secondary roots that were devoid of fine 
rootlets, the chief absorbing organs. The 
rootlets, however, were produced in large 
numbers, but they died soon after appearance 
leaving dark coloured scars at the points of 
emergence. It is highly probable that sodium 
clay with unfavourable pH in the subsoil was 
responsible for the above symptoms on these 
isoMed patches. 

A factorial experiment was laid out on this 
field in 19B8 with the object of finding out the 
ameliorative effect, if any, of the three factors, 
namely, nitrogen, potash and the application 
of extra presowing irrigations. The last treat- 
ment was included to create subsoil reserve of 
water. The treatments comprised nil combi- 


Nitrogen 

0 = 1^0 manure 

Green manure berseem at 20 tons per aere 
Farmyard manure at 20 tons per aere S 
n“Amm. sulphate at 90 lb. N" per aoro 


Potash 
o=s=!No potash 

1b. K 2 O per acre 
^2=^240 lb. TC,0 per aero 
/^5=360 lb. TCoO per aere 


Water 

o==No presowina: waterm.q:s 
■1/5= Two presowing waterings 


*This work was done in the Puniab Phvsiologieal (Cotton Failure) Scheme financed jointly bv the Tr!dio,n 
Central Cotton Committee and the Punjah Govt. ■ . v 

t Formerly Professor of Botany at the Royal TnBtitut"^ of ficienee, Bombay 
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A basal dressing of 80 lb. iSvet^di’rnoV 

the form of superphosphate double was Besides, the application of nitrogen 

to all plots as ^ precautionary “^®asure.^ encouraged vegetative growth, improved bear- 

the soil was heterogeneous it incr and raised the yields but there was no 

confound partially some of the high-order inter (Tj^^le I). The increase 

actions. Block size was reduced to 8 ^ s nitrogen-application, therefore, 

instead of 82. Two complete replicates we j^^gJlted only from increased bearing. Neither 
^^SSrvations made during X- a^al^im^thrrepSctTvf or *" the vegetative 

Table I 


iJAX>JUAy ^ 

Treatment effects on the developmenM cMraders and t^ yieU-1938.39 experiment 

. saline subsoil) 


Treatment 


No manure 
F. Y. manure 
Green manure 
Ammonium sulphate 


No potash . 
Potash I 
Potash II 
Potash III . 


Ordinary watering . ^ • 

Two extra presowing waterings 




Height per plant 
in cm. 

Number of bolls 
per plant 

Boll weight 
in gm. 

96-4 

116-3 

116-4 

108-9 

± 3-93 

i 1 n 1 

26-2 

32-9 

1 36-4 

1 32-4 

1 ± 2-68 

! . 32-3 

1-219 

1*332 

1-137 

1-294 

± 0^089 

1-199 


111*2 

108-0 

110-9 

± 3-93 

109-9 

108-6 

±2-78 


1-226 

1-307 

±0^089 

1-197 

1-294 

±e-063 


Yield in lb. 
per 100 plants 


5- 41 
8-40 
7-12 
7-97 

±0-76 

6 - 36 

7 - 62 
7-11 
7-^1 

± 0’76 

6 - 76 

7 - 69 
± 0-54 


i 


1939-40 

An experiment was conducted in the suc- 
ceeding season in an adjoining piece of land 
under more or less similar conditions ot ttie 
soil as described under the previous expen- 
ment. The aim was to confirm the previous 
findings and to explore the effects of the late 
sowing on tirak and the yield oii_ the same 
theoretical grounds that governed its 
on either of the two tzrah soils. To obtai 
further evidence as to the dependence of late 
sowing on close spacing, the factor of spacing 
was also introduced. In addition to 4F, a desi 
short-stapled variety, known as Mol. 89, was 
mcliided. 

There were three replicates under the 
ment. To the main plots were allocated 8 
cnmbinationa of: two sowing dates (d2 = 
6-.'5-39, dl§= 10-6-39), two varieties (41), _Mol. 
39) and two levels of inorganic fertilizer 
mixture [control vs. (50 lb. PaOs + SO lb. KaO) 
per acre applied on 4 Augustl. The mam plots 
were split for two levels of nitrogen (control 
25 lb. N per acre applied on 4 August) and 


each plot thus formed accommodated two 
spacing types (s^ = 2 ft. x 3 ft., s2_2 ft. x a 
ft ) Thus the lavout was a split-plot design. 

*A1] the "main effects and the sigihhcant inter- 
actions on the basis of the statistical analyses 
of the data collected from this experiment are 
given in Tables II to V, and are discussed 
below. 

It is evident from Table II that there was a 
substantial increase in yield by the sowing, 
mainly through improvement in the opening of 
bolls and partly through increased bearing. 
Nitrogen did not ameliorate timh but affected 
boll number favourably and thereby the yield. 
Significant effects of P + K and of spacing on 
boll number were not reflected in yield and 
should be reckoned to Iiave arisen by chance. 
Mol. 39 outyielded significantly the 4F Punjab- 
American because greater number of bolls of 
the former matured normally. In the case of 
4P, not only were the bolls feyver in number 
but they were also affected by f/raJr. Tt is to 
he noted that the normal boll size of dcfii cotton 
is about 1-6 gm, and of 4F nearly 2 gm. 


HI] ,, PARTIAL FAILURES OF THE PUN JAB- AMERICAN COTTONS IN THE PUNJAB, XII ^ 

TableII 

Main effects- — 1939-40 experiment 

(Light sandy soil with saline subsoil) 


IBS'. 


Treatments 

Number of bolls per sq, yard 

Mean Diff. ±S.B. 

Boll weight in gm. 

Mean Diff, ±S. E. 

j Yield of kapm in md. per 

j- "acre '' 

I Mean Diff: . E. 

r dl . 

64-iai 

M781 

I 9*^91 

Sowing date < 

V-h8'09*±3‘121 

y+0-433’*‘^±0*062 i 

^ + 4-02**±0-633 

Ld2 . 

72-22J 

l-6iij 

13*6lJ 

f4F . 

62-571 

1*3231 

8*881 

Varieties < 

i-f ai-22**i3-121 

}^-f0*143*± 0*062 ’ 

1 + S.44*«^0-635 

IMol. 39 

83-79J 

1-466J 1 

14-32J 

fo 

62-81'l 

1-3801 

11*181 

Phosphorus and-? 

^ + 10-75**±3-121 

K+0-029± 0*062 

h-f0*84 i;0*536 

potash bpAj 

73-58 J 

i*409J 1 

12*02j 

Co 

ei-on 

1*3571 i 

9*941 

Nitrogen < 

b-i- 14-34**i:4-189 

0*076±0*046 I 

|+3*32**i:0*319 

bw 

75-35J 

1-433J 1 

13-26J 


73*251 

1*3821 

11*711 

Spacing 

L-_10.14**d:3-406 

!. + 0*026± 0*030 1 

1—0*22 ±0*261 

\^s2 

63-llJ 

1-407J ! 

ll*49j 


The di:fferential behaviour of sowing dates with 
nitrogen (or of nitrogen with dates), is shown 
in Table III. In the absence of nitrogen, the 
eSect of late sowing on yield was specially high 
because boll size as well as boll number in- 


creased. In the presence of N, boll size 
improved by delayed sowing but there was no 
effect on boll number and, therefore, the effect 
in yield was of a lower order. The maximum 
yield was, however, recorded under d2n. 

Table III 


Interaction : Sowing date x nitrogen — 1939-40 experiment 
(Light sandy soil with saline subsoil) 


Number of bolls per sq. yd. 

Boll weight in gm. 

Yield of hapaa in md. per acre 


dl 

d2 


dl 

d2 \ 


dl 

dZ 

0 

51*69 

70*34 

0 

1*132 

1*581 

o 

7*56 

12*33 

n 

76-59 

74-11 

’ n . 

1-224 

1-641 

n . 

11-6$ 

u-ss 

Diff: 



Diff: 



^ ' Diff:' 



± 5-92 

+ 24 - 90 ** 

+ 3*77 , 

±0-066 

±0*092 

±0*060 

±0*45 

±4-08** 

+ 2 - 56 ** 

D. N. 

= —10*56* 

±4*189 

D. N. 

—0*016 

±0*046 

D. N. = 

—0*76* 

±0*319 


The relation between sowing date and spac- both the spacings provided, bnt a great increase 

1 ing is brought; out in Table IV. Elarly-sowui in boll number occurred under late-sown crop 

crop produced the same number of bolls at spaced close. This effect appeared as a sig- 

ii-ificant interaction on boil number and was 

I all the tables of tWs paper, *= significant simultaneously reflected in jdeld. BoU weight, 

I at 5 per cent level of significance and ** == significant at however, improved by late sowing irrespective 

I I per cent level of significance of the spaciSgS. 
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Table IV 

Interaction : Sowing date x spacing — 1929-40 experiment 
(Light sandy soil with saline subsoil) 


[XIV 


'V;''' -Huiuber of'bollsper sq. yd. 

Boil weight in gm. 

Yield of hapas in md. 

per acre 



- d2 


dl d2 


dl 

d2 

#1: (close) , . 

64-27 ... 

82-22 

si - 

1-160 1-695 

si 

9-14 

14-28 

t (wide)' 

04-00 

$2-22 

s2 

1^187 1-027 \ 

1 

s2 

10-04 

12-94 

Diff';" ■' 

_ :.^0- 27 

—20-00** 

Diff: 

±0-042 ±0-018 ±0-032 

Diff: 

±0-370 

+ 0-90* 

—1 • 34** 


—6-86*^ 

±3-406 

B. S. 

= -f 0-007 ±0-030 

D. S. = 

—1-12** 

±G-261 


The two varieties did not respond equally to 
nitrogen (Table V). The response in the case 
of ]\IoI. 89 was distinctly greater. It may again 
be noted that the source of increase in yield 
ihrougli N-applieations was the boll number 
component alone and not the boll weight. 
Hriedy stated, on light sandy soil with saline 
siibsod, the improsement in boll opening, through 


late .Rowing, was the same irrespective of the 
nitrogen level and the spacing adopted. But 
the yield response to delay in sowing varied in 
magnitude to the extent the boll number com- 
ponent was influenced, under the varying levels 
of the other factors. Nitrogeir did not raise the 
boil weight, though soine gain in yield resulted 
from increased bearing. 


Table V 

Interaction : Variety X nitrogen — 1929-40 experiment 
(Light sandy soil with saline subsoil) 


Number of bolls per sq. yd. 

Boll weight in gm. 

Yield of hapas in md. 

per acre 

/ .. 

4F 

Mol. 39 


4F Mol. 39 


4F 

Mol. 39 

0 

49-91 

72*11 

0 

1-289 1-424 

0 


12-33 

n 

65-22 

95-47 

n 

1-3SS 1-508 

n 

10-21 

16-31 

Diff: 

±6-92 

-f5-31 

+ 23-36** 

' Diff: 

±0-066 ± 0-069 ±0-084 

Diff: 

±0-45 

±2-66** 

±3-98**^ 

V.N. = 

4-9-02* 

±4-189 

V. N. 

= ±0-007 ±0-046 

V.N. = 

+ 0-66 

±0-319 


B. Trials of the ameliorative measures 

It could be inferred from the foregoing 
results and those aready published [Dastur and 
Mukbtar Singh, 1942; 1944] that ia.te sownng 
as a measure for ameliorating tirah and main- 
taining or increasing yields was of general 
application while the response to N (or water) 
was primarly governed by soil conditions. 

The evidence in support of the above find- 
ings was obtained from experiments conduct- 
ed at Lyallpur with' 4F Punjab -American 
cotton. Obviously, it was necessary to test 
them, on a wider basis, by laying opt similar 


large-scale experiments in the different cotton- 
growing tracts in the Punjab, using the com- 
monly-cultivated variety of American cotton of 
each tract. Apart from the trial of the three 
successful ameliorative measures alluded to, 
it was considered desirable to include, in such 
an experimental programme, one desi variety 
(Mol. 89) and more than one American strains. 
The extent to which the different varieties 
would respond to th^ ameliorative measures, 
particularly late sowing, could thus be ex- 
plored. 

It can scarcely be doubted that the ultimate 
test of the soundness or economics of a 
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measure is its trial under actual mmindmi 
conditions. It is possible that the results ob- 
tained under standard agricultural practices 
may not iioid good on cultivators’ fields. 
Moreover, experiments on the zamindars' farms 
are of special value inasmuch as these farms 
serve as centres for disseminating information 
and form the nucleus of improvement. The 
experiments reported below were, there- 
fore, mainly conducted on the farms of zamin- 
dars during the years 1940-1942. 
mo-41 

Descriptiofi of experh^ The first series 

of confounded designs with subplot arrange- 
ment were laid out concurrently at Brucepiir 
(Lyallpur), B.C.G.A. Farm, Khanewal (Multan), 
Gonvillepur (Montgomery), and the New Seed 
Farm, Sargodha. All combinations of four 
\o wing dates, two watering types (normal and 
heavy) and two levels of nitrogen (o. 83 lb. N 
per acre) were tried in six blocks of eight plots 
each, confounding completely with block 
differences the second-order interaction D.W.N. 

Levels: (ci=ThOTough) ^ (MoVsO) ^ 

Factors ; Friliminary Variety 

cultivation 

with six-fold replication. There were three 
restrictions on the randomized block arrange- 
ment, viz. (1) C.V.W. was conapietely confound- 
ed with block differences, (2) combinations of 
cultivation and variety layim. array strips, and 
(3) tbe array strips were split longitudinally into 
two substrips each, for tlie two sowing dates. 
The final size of the experimental subplot was 
1/80 acre. 

The other experiments at LyaUpur had four 
levels of i^itrogen (o, 16 lb. N, 32 lb. N, 48 
Ib.N) as the main-plot treatments, in six 
blocks. By simultaneous double-splitting, the 
main plots were subdivided longitudinally into 
three strips, for three sowing dates (di=: 10-11 
May, d2 ~ 28-29 May, dS — 15-16 June) 
and transversely into four plots for four 
varieties (4E, LSS 2S9’FI4S, Mol 39). The 
allocation of varieties to the transverse plots was 
random, with the restriction that, sets of variety 
■X nitrogen interactions were partially con- 
founded with the transverse row^s and balanced 
arrangement attained. At picking, tbe experi- 
niental subplot \vas 1/100 acre. The differ- 
ent types of soils V'ere represented in these ex- 
periments. The nature of soil conditions under 
each experiment is stated along with the pre- 
sentation of its results. , 

Treatweni effects on the opening of hoUs. 
Statistical analysis of the boll w^eights in the 


Three or four \-arieties were accommodated 
iii each main plot, as mentioned 


Brucepur 

Khanewal 

Gonvillepur „ 

Sargpdlia 

289F/43 

289F/43 

289F/43 

289F/43 

LSS 

K25 

K25 

LSS 4F 

Moi. 39 

Mol. 39 

Moi. 39 

Mai. 39 


The size of the subpiok after rejection of 
borders, wag nearly 1/60 to 1/40 acre^ in the 
different experiments. Heavy watering was 
secured by re watering the plots, to be so treat- 
ed, 18-24 hours after ‘ the normal irrigation to 
all plots. Differentiation in irrigation started 
after manuring in August. Watering types had 
to be dropped at Gonvillepur (Montgomery) 
on account of good rains in August and Sep- 
tember. 

The respective sowing dates for the different 
experiments are given in parentheses in the 
tables of results. 

The second set of experiments were conduct- 
ed at the Lyallpur Agricultuia^ One 

of the experiments studied all combinations of : 

(tci = 3 week) X w (<i7 = 18"20 M.ay) 

Fortnight) (<i2=20 June) 

Watering interval, during Sowing date 
fruiting 

first series of experiments revealed that ^ the 
linear response to dates was highly significant 
in case of ail the three experiments, viz. 
Brucepur, Khanewal and Gonvillepur. The 
quadratic response appeared only at Gonville- 
pur. Sowing dates interacted with varieties 
■whose mean boll sizes also varied widely. The 
main effect of nitrogen and its interaction with 
varieties came out significant only at Gon- 
villepur. The nature of effects for the indivi- 
dual experiments has been illustrated below by 
summary tables. Boll weights were not record- 
ed at Sargodha. 

It is evident from Table VI that at Brucepur 
better development of bolls was attained in the 
third and the fourth sowings. The increase was 
particularly marked in the Americans. The 
response to hea-vy watering was small and sug- 
gestive and to nitrogen insignificant. 

The effectiveness of late. sowing in mitigating 
tirak was still more pronounced at Khanewal 
(Table VII). There was a progressive increase 
in the weight of seed cotton per boll with every 
delay in sowing, in the case of the American 
strains. K2o was particularly benefited inasmuch 
as its boll size nearly doubled by months' 
delay in sowing. Mol. 89, on the other hand, 
maintained its boll size at the normal level in 
all the sowings. The higher mean boll size in 
desi as compared -with the Americans, at 
Khanewal and Brucepur, was due to the fact 
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Table VI 

Trmimmt effects on boll weight in gm. at JBrmepur 
(Sandy loam with saline subsoil) 


! 

Dates 

di(8/5) 

m (24/5) 

' dJ (8/6) 

d4(Ul^) 

Mecm 


Varieties 






Date® (Mn©ar)«l‘ 0*32 . .5 

289F/43 

1*29 

1*52 

1*78 

1*67 

1*67" 


Dates (quadratic) « — 0* 224^: 0 * 144 , 

LSS. 

1*42 

1*58 

1*90 

1*68 

1*65 

-±0'02l 

Watering- 0- 126± 0- 072 

Mol, 39 

1*68 

1*64 

1*72 

1*82 

1-69, 


Nitrogen** 0* 015i; 0* 072 

Mean ±0'072 

1*43 

1*68 

1*80 

^ 1*73 




that the former eseaped tirak while the latter 
suSered greatly under early sowings. 

At Khanewai also nitrogen applications were 
ineffective in raising the boll weight on account 
of salinity in the subsoil. 

The effect of delayed sowings in increasing the 
size of the bolls was equally marked on light 
sandy non-saUne soil of the Convillepur ex- 
periment (Table VIII) even though tirak was 
practically absent in the early sowing also. 
The boil size of 289F/43 improved consider- 
ably by late sowing while the response in case 
of Mol. 39, though progressive and proportion- 

Table 


ate, was smaller in magnitude. K25 behaved 
in a slightly different manner inasmuch as the 
highest boll weight was attained at the third 
sowing. Bains incidentally following irriga- 
tions during August and September induced 
jassid attack in K25. The damage was rela- 
tively greater in the later sowings and more so 
in the presence of nitrogen. It is remarkable 
that in spite of this disadvantage K25 produced 
the best boll under d3. The decline under d4 
influenced the mean boll weight of this variety 
and also accounted for the significance of the 
quadratic response to dates. 

VII 


Treatment effects on boll weight in gm. at Khanewai 
(Light sandy soil with saline subsoil) 


Varieties 


Dates (linear) = 1 • 96** ±0*36 
Dates (quadratic) = — 0 • 1 16 i 0 * 1 6 
Watering =0*076±0«08 

Niiroffen s= — 0* 05i± 0* 08 


289J&743 

K:25 
Mol. 39 

Mean 4-0*08 


Table VIII 

Treatment effects on boll weight in gm. at Convillepur 

(Light sandy non-saline soil) • 



(8/5) 

(23/5) 

(7/6) 

1 (22/6): 

Mean 

arle ties 

(8/6) 

(23/6) 

(7/6) 

(22/6) 

1 

Mean 

0 . . . 

1'76 

2*28 

2*30 

2*31 

1, 2*16 

(■289^/43. . 

2*05 

2*59 

2*67 

2*68 

2*471 

n 

2*15 

2*28 

2*44 

2*30 

2*29 

K26 

1*96 

2*31 

2*62 

2*12 

2*22 1 ±0*040 



1 

1 



Mol. 39 , 

1 

1*86 J 

1*94'| 

2*02 

2*11 

1*98 J 

Diff. ±0*087 . 

o-so*** 1 

... 1 

0*14 1 

—0*01 

■■ ; ; 

Mean ±0*043 . 

1*96 i 

' 2*28 

2*37 

2*30 ! 



M«aii response to 3Sf««0* 13** ±0*043 


Dates (linear) == 1 • 14*^ ±0*19 
Dates (qLTiadratic)~~0« 19** ±0*043 
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Tile sxaidy cliaraciei’ of &e soil Oonville- vvou id otherwise liave oceurred witii N in ihe 

pur was also: conductwe to a well marked res- later 'sowdngs. 

poBse to , nitrogen; applicatidii. . On further ana-. The first experiment, .at ■ Lyaiipurv which 
ijsis of the data it is seen that 'highly signifi-' aimed at exploring the .effect of frequent irriga- 
cant increase with nitrogen was restricted to the tions in addition to that of late sowing with 

plots of the first sowing only. The decline in reference to the two varieties (4F, Atol. B9) dear- 

response to nitrogen with the advancing sowing ly demonstrated the effectiveness of either of the 

dates is to be expected on light sandy soils as two measures on a soil with a saline subsoil 

already pointed out in a previous contribution (Table IX). The relative importance of each 

fDastur and Mukhtar Singh, 1944]. It is measure, however, varied with the varieties, 

probable that greater jassid attack on nitrogen- Heavy irrigation was efficacious only in the 

treated plants of the later sowings might also case of 4F, while late sowing helped Mol. 39 to 

have inhibited any small improvement that a greater extent. 

TableIX 


Treatment effects on boll weight in gm, at Lyallpur 
(Sandy loam with saline sul^oil) 



Varities 

4F , : 

. Mol . 39 

= 0- 20** ± 0- Q33 

Dates 

Watering; 

dl 

(18/5) 

dZ 

(20/6) 

dl 

(18/6) 

dZ 

(20/6) 

w2 — wj = 0' 22** ±0-062 

4F--D6« i = 0 • 32** ± 0- ] 01 

wl 

1-60 

2*08 

1*85 1 
2*08 1 

1‘41 

1*47 

1-68 

1 ' 77 ', 

V. D. =0-08*±0-033 

W. V. =— 0-138*±0-062 

Diff. 

0*48 

D. V. W= 

sfe^K j 

0*23 ' 0*06 

- 0 * 068 ± 0*038 

0*09 


Table X 

Treatment effects on boll weight in gm, at Lyallpur 
(Light sandy soil with alkaline patches) 


Bates 

Nitrogen 

dl 

(10/5) 

dZ 

(28/5) 

dZ 

(15/6) 

Mean 

i0*091 

Bates 

Varieties 

dl 

(10/5) 

dZ 

(28/5) 

dZ 

(16/6) 

Mean 

±0*038 


o 

1*66 

1*61 

1*83 

1*70. 

4F 

1-44 

1*47 

* 1*60 

1*60 


16 lb. N 

1*60 

1*65 

1*84 

1*70 

289F/43 . 

1*98 

1*97 

2*07 

2-01 


321b. N . . 

1*67 

1*76 

1*82 

1»75 

LSS 

1*89 1 

1*83 

2*05 

I- 92 


48 lb. N . . 

1*81 

1*84 

1*91 

1*85 

Mol. 39 . 

: 1*43 1 

1*66 

1*71 

1*66 


Mean ±0-019 

1*68 

1*71 

1*86 

*• 

Mean 0 *019 . 

1-68 1 

1 

1*71 

1*86 

. .. 



The evidence furnished by the second experi- plot treatment was not demonstrable in this ex- 

ment at Lyallpur (Table X) points to the eon- periment. 

elusion already reached that the later the The effects of sowing date, nitrogen and 
sowing, the better the boll size. June sowing watering on yields. The results of yields 
was significantly superior to the two May under different treatments were not identical 

sowings which did not differ among themselves, with those already discussed above for the 

All the four varieties responded equally to late opening of bolls, as yields depend not 

sowing. The magnitude of increase with late only on the size of bolls but also on their num- 

sowing, however, \vas not very high in this her. Increase in boll size is not always asso- 

experiment, due to the presence of alkalinity .aiated with increase in boll number. In fact 

in the surface foot in big patches over consider- the two may even be negatively correlated in 

able area of the field. For the same reason, which ease quality gains at the expense of 

the effect of nitrogen which was kept as main- quantity. " ’ ^ 
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The trends of yield under the ' four 'sowing 
dates were of two types. Either the Linear 
response to dates was significant or. there -was 
a signitieant dei>ariure from the linear. In the 
latter case tlie combined yield of the second 
and the third sowings was significantly better 
than that of the first and the fourth. The 
following points should be borne in mind before 
considering the mean responses to- dates : (1) 
Close spacing adopted for the fourth sowing did 
not prove adequate on very light sandy soils 
or those possessing saline patches near the sur- 
face. Consequently the boil number decreased 
consideraldy in th*e last sowing. (2) The in- 
clusion of Mol. BD in most of the experiments 
subdued the mctm response to sowing date as 
ail sowings under this variety behaved alike and 
did not show any yield trend with advance in 
sowing dates. (8) The American varieties also 
differed to the extent to which they lent them- 
selves for late sowings. In some cases, the 
order of their suitability for delayed sowing was 
the same as the order of their resistance to 
jassids (Enipoasca cUvastmis). Since 1940-41 
was a relatively wet year, j a ssid , attack was 
much pronounced on some of the varieties. (4) 
Watering and nitrogen treatments also modified 
the mean response to sowing date, as May- 
sowings profited more by these treatments than 
June-sowings. These effects will be indicated 


by significant interactions betw^een sowing date 
and other factors. 

The results of the individual experiments 
require to be considered for a comprehensive 
study of the effect of sowing time and its rela- 
tion to other treatments. The actual dates of 
sowing are given in parentheses in each case. 

The results for Sargodha (Table XI) revealed 
that optimal values for sowing date were obtain- 
ed at the third sowTug in case of L S S and 
4P. The yield of 289F/43, however, was maih- 
tained at a unifornily low level as far as the 
second week of June. The yields fell off in 
the case of all Americans in the last sowing. 
Mol. 39, on the other hand, kept up its yield at 
a high level over the entire sowing period. 
L S S gave the highest mean yield of the 
three Americans irrespective of sowing dates, 
and its superiority became more and more 
marked as the sowing was delayed till the opti- 
mum date. 

Nitrogen increased the yield significantly on 
account of the sandy cliaraeter of the soil under 
the experiment at Sargodha and the response 
to N varied with the varieties. They responded 
in the order of their yielding capacity, viz. 
Mol. 39 > L S 8 > 4F>289F/43. The^ res- 
ponse also differed with the sowing dates. Only 
the first two sowings gave substantial increases 
in yield through nitrogen application. 


Table XI 

Treatment effects on yield {md. per acre) at Sargodha 
(Light sandy and saliiio) 


Dates 

Varieties 

! dl 

(15/5) 

d2 

(30/5) 

d3 

(15/6) 

d4 

(30/6) 

Mean 

dzO-45 

Nitrogen 

arieties 

0 

n 

Difl. 

±0-946 

289F/43 

L.SS . . 

4F 

Mol, 39 

Mean . 

5*37 

S-53 

7 • 00 
17* 19 

5-87 

10-17 

8-30 

18-09 

5*81 

12-04 

8-79 

16-41 

2- 56 
5- 19 

3- 19 
17-27 

4-90 

9*13 

6-82 

17-24 

289F/43 . 

L. S. S. . 

' 4F .. . . 

Mol. 39 . 

4-79 

7-95 

6-08 

15-24 

5-01 

10-31 

7-56 

19-24 

0*22 

2-36* 

1-48 

4-00** 

9-52 

10*01 

10-91 

. 7-05 


Mean . . 

8-52 

10-53 


Dates 

^ Nitrogen' 

0. • • • 

n • • * 

dl 

f ■■ ■ 

d2 

1 : . 

d3 

d4 i 

; 

: 

. - ,, ■ ■ ■ ■ ■ ■ , 

8-00 

10-96 

8-68 

12-53 

10-21 

11-02 

7-09 I 8-52 
7-01 j 10-53 

Dates (linear) — — 7-ll**2h2-38 

Dates (quadratic) — — 4* 94* 1 • 06 

Nitrogen^ 2 • 01** dr 6 • 53 

Watermg= 0 * 65 i 0 - 53 

DilT. 

* 

2*87 

if* 

3-85 

1-41 

—o-os 



At lorucepui 

the highest yields under the third sowing. The 
yield increased rapidly wdth delay in sowing in 
L S S . As increase in 289F/43 through late 
sowing proceeded slowly, the differences in 


L S S and 289F/43 widened 
as the sowing was delayed. Beyond the third 
sowing, decline in yield occurred, but this 
decline was steeper in case of 289F/43 .and is 
to be attributed to excessive curtailment in the 
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grand period of growth of this early-maturing on account of the limited growth made hy the 
variety. In 'such cases, particularly, the plants. j 

spacing provided turned out to be inadequate 

Table Xn 

Treatment effects on yield {md. 'per acre) at Brucepur 
(Sandy loam with saline subsoil) 


Dates 

Varieties 

dl 

(8/5) 

d2 

(24/6) 

!. dS 

im 

d4 

(24/6) 

Mean 

±0*52 

Watering 

Varieties 

wl 

w2 

Diff. 

±1*33 

289F/43 

8-78 

9*72 

10*69 

5*89 

8*77 

289F/43 . 

8-09 

9*44 

1-35':' 

J..SS . , . 

9*63 

12*52 

15*93 

10*34 

12*10 

LSS 

10*94 

13-26 

2* 32, 

Mol. 39 . . . . . 

24*93 

24*25 

25-68 

22*85 

24 • 42 

Mol. 39 . 

21*81 

27*03 

..5 •22 

Mean . ■ . 

14*44 

15*49 

17-43 

13*02 


Mean 

13-62 

16*58 

[ ' _ ■■ , 


Boll numbor per sq. yard 



Dates (quadratic): 

= — 5-46*±2-05 


Mean 

±2*60 

dl 

71*7 

d2 

65*4 

dS 

66*6 

d4 

47*3 

i 

Watering 

H 

= 2*96±1-02 
= l-15j;l-02 



The varieties responded to watering in the 
order of their vield capacity, viz. Mol. 39> 
LSS>289F/43. Nitro gen did not give signifi- 
cant increase in yield nor did it interact with 
any other factor, becanse of the saline subsoil. 

It is evident from a study of Table X.TII for 
Convillepiir (Montgomery) that quadratic res- 
ponse to dates was highly significant, since the 
central sowings were revealed to be optimum on 
the whole. .Besides, varieties exhibited marked 

I ' 


difierential behaviour in relation to sowing date . 
It is remarkable that 289F/43 adapted favour- 
ably to late sowing. Mol. 39 behaved hidifier- . 
ently. The yield of K. 25 could not be maintain- 
ed beyond the third sowing date and this was 
the direct outcome of reduction in bearing 
caused mainly by a heavy jassicl attack on K.25, 
as already explained. The behaviour of K25 in 
the Montgomery tract is analogous to that of 
289F/43 at Lyallpur and Sargodha. 


Table XIII 

Treatment effects on yield {md. per acre) at Convillepur 
(Light sandy soil) 


Dates ' 

Varieties 

dl 

(8/5) 

d2 

(23/5) 

dS 

(7/6) 

d4 

{22/6) 

Mean 

±0*36 

Nitrogen 

Varieties 

0 

n 

Diff. 

±0-821 

89F/43 

12*09 

16*11 

16*40 

12*43 

14*26 

289F/43 . 

13*09 

" 15*'43 

■ 2 •34** 

K:25 . . 

10*23 

12*49 

10*87 

4*76 

9*59 

K25 

:9*44| 

9*74 

0*30 

Mol. 39 

22*10 

1 

24*61 

, 20*85 I 

■i 

22*22 1 

i 

22*44 

Mol. 39 . . 

±9*55': 

2-5*33 

5-78** 

\ 

Mean . 

14*81 

17*74 

i 

16*04 j 

13-14 1 

•• 

Mean . 

14*03 

1 16*84 

•• 


Ho. of bolls per sq. yard 
dl d2 

68-5 63*5 


61-6 


d4 

46*0 


Dates (linear) = - 
Dates (quadratic) 
H • 


-6*71*±2*55 


-5*83+1*14 

4 :* 


= 2* 81 -VO* 57 




Mean 
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The soil being light and sandy the uiaha effect 
(}{ N was sigaiiicfiiit at CniiYillepnr* Varieties 
<lid i}ut respond e<inaliy to nitrogen application. 
Maxinnnu advantage accrued to Mol. 89, 
medium to 2B9.F 43 and none to K25 (Table 
Nil!). The order of response conformed to the 


order of yield performance. The failure of any 
iucrease hi case of K25 on light sandy soil is 
explicable in terms of severe j as sid attack under 
nitrogen treatment counterbalancing any good 
that would otherwise have accrued as a result of 


manuring. 


Table XIV 

Treatment effects on yields (md. per acre) at Khanewal 


'Bates 

Varieties 

dl 

(13/5) 

d2 

(28/5) 

dS 

(14/6) 

d4 

(27/6) 

Mean 

±0*49 

Varieties 

0 

n 

Diff. 

±0-976 

289I'/43 

K26 . 

Mol. 39 . 

6-95 

9*06 

21-71 

7*26 

10*85 

22*20 

9*26 

11*54 

22*66 

12*26 

11*72 

25*44 

8-93 

10-79 

23-00 

289F/43 . 

K:25 

Mol. 39 . 

8*54 

10*40 

21*12 

9*33 

11*18 

24*87 

0*79 

0*78 

3*75** 

Mean . , 

12'68| 13-44 

14*48 

16*47 


Mean 

13-35 1 16-13 


wl . . . 

.. . . . 

dl 

11-05 

14-10 

d2 

12-09 

14*79 

d3 

14*02 
14* 93 

dd 

16*11 

16*83 

13-32 

15-16 

Bates (linear) = 12 * 73** ± 2 • 46 

N =l*77**i:0*65 

W ;=l*84**i0*65 

Diff. ±1-10 

1 

.3- 05**1 2-70* 

0-91 1 

0*72 

•• 


The effect of late sowing was the most marked 
at Khanewal (Multan) where the relation 
between yield and sowing date was positive and 
linear (Table XIV). The yield rose progres- 
sively with delay in sowing in all the varieties 
bringing out an optimum at the last date. The 
magnitude of increase was also substantial. 

The response to nitrogen application at 
Khanewal confined itself only to the desi 
variety, which gave the maximum yield on tEe 
average. The Americans failed to respond on 
account of salinity in the soiL Response to 


w^atering was recorded and it declined in 
magnitude with the delay in sowing (Table 
XIV). 

The experiment designed to study the efiect 
of more frequent irrigations and late sowings at 
Lyallpur (Table XV) established the need for 
more waterings at fruiting. Early-sown 4P 
profited the most in conformity with the pre- 
vious experience. 

Substantial increases in yield, through nitro- 
gen applications were recorded on the light 
soil under the second experiment at 


Table XV 

Treatment effects on yields (md. per acre) at Lyallpur 
(Sandy loam soil with saline subsoil) 


Varieties 1 

1 

4F 

Mol. 39 



Bates , 

dl 

(18/6) 

dZ 

(20/6) 

dl 

(18/5) 

dZ 

(20/6) 



wl ^ ‘ 

w2 . . 

11-62 

19*97 

13*16 

17*96 

18*91 

22*77 

20-67 

25-88 

C 

B 

W 

V 

B. V. W. 

= _0*39±1*16 
= M0dr0-83 

Diff. . 

8* 35 

4*80 

3*86 

5*21 

— o iiu \j xj ^ 

=„6-38**±1*16 

==1*23*±0*45 


Lyallpur (Table XVI). The effectiveness of 
nitrogen did not fall off in the higher __ doses. 
The highest dose, of course, was only 48 lb. N 
per acre. The last sowing was less responsive 
to nitrogen than the first two wdiich benefited 
to the same extent practically, ’ 


The last sowing date proved optimum at 
loww levels of nitrogen (o, 16 lb. N) while 
the central sowing gained importance at higher 
levels (32 lb. N, 48 lb. N). The effect of sowing 
time also varied with the varieties, 4F and 
LSS responding favourably to delay in 
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Table XYI 

Trmtmmt effects on yield {mi, per acre) at LyaUp-uf 

(Light sandy soil with alkaline patelies) 


Dates . 

yari^fcies 

dl 

(10/5) 

d2 

(28/5) 

d3 

(15/6) 

i 

. Mean 
±0*239 

Dates 

Nitrogen 

dl 

(10/15)1 

d2 

(28/6) 

i 

d2 

(15/6) 

Mean, ' 
±0*842, 

,4F . : 

7*15 

7*80 

8*78 

■ 

7*91 

Control 

7*90 

8*40 ^ 

9*27 

8*52 

289F/43' 

9*40 

9*49 

7*52 

8*80 

16Ib. N . 

8*98 

9*58 i 

9*99 

9*52 

LSS . . . . , 

9*72 ; 

11*27 

10*70 

10*56 

321b. N . 

10*64 

n*94 i 

11*43 

11*34 

Mol. 39' ^ . . . 

14*53 

15*60 

16*01 

15*38 

48lb.N . 

13*27 

14*24 

12*30 

i 13*27 


10-20 

11-04 

10-75 

•• 

Ueanl±Q^lS8 . 

10*20 

11*04 

: 

10*75. 

** 


sowing. As at Brucepur, LSS showed the- varieties. The yield results were also favour- 
best performance amongst the Americans able. It is not necessary to discuss the results 

under each sowing individually, and especially of the individual experiments in detail here, 

so under the later sowings. a few' interesting features merit considera- 

tion. A new promising strain, 289F/124, 
19M-42 evolved by the Cotton Eesearch Botanist, 

Similar effects of late sowing, as discussed Lyallpur, for the dry districts of the Punjab, 

in the preceding pages, with respect to the was included along with other varieties in 

opening and the yields of American cottons, some of the exper’nients. It can be seen from 

ware revealed by multiple-factor experiments Table XYII that this variety behaved remark- 

conducted during 1941-42. These experiments ably -well under late sowing both at Mont- 

were laid out at the Military Farm, Okara, gornery -and Multan. It is necessary to point 

B.C.G.A. Farm, Khanewal, the Departmental out that at Lyallpur 289F/124 is generally a 

Agricultural Farms at Montgomery and Multan, failure when sown in June because of reduction 

and S.B.S!. XJjjal Singh’s Farm at Mian in bearing caused by subnormal growth and 

Channu. June sowings gave higher boll jassid attack and inability of this variety to cover 

weights than May sowings irrespective of the the soil surface under these conditions. 


Table XYII 

Effect of late sowing in relation to variety on boll weight and yield 


Dates 

'^Varieties, 

Montgomery (1941-42) 

1 ' ,, ■■ 1 

1 Multan (1941-42) j, 

Boll weight (gm.) 

i , ,' ■ ' . ' 

! 

1 Yield (md. per acre) 

Yield (md. per acre) ij 

dl 

(16/6) 

dS 

(8/6) 

d3 ! dl 

(24/6) 1 (15/5) 

d2 

(8/6) 

i 

d3 

(24/6) 

dl 1 

(19/5) ^ 

i , , . 1 

d2 

(6/6) 

. .... 

dS 

(24/6) 

289F/43 

289F/K25 

289F/124 

1*81 

1-22 

1*23 

2*03 

2*16 

2*'28 

! 2*09 

1*91 

■ '2*01 i 

1 10-11 
7-73 
9-19 

[ 10-98 

10-11 
14-71 

9* 75 
7*87 
11*39 

11*65 
10*04: 
■ 9*52 

12*45 

12*12 

11*99 

13*49 ; 1 
12*66 '1 
16*34 !|| 

Mean . 

1-42 2-16 2-00 i 0-01 11-93 9-67 

t „ j « j 

10-40 ' 12-19 14-61 ' 

1 - ■- 1 

±0-0696 

±^42 

±0*598 , ' 


normal in the south-western district so much 
so that timk appeared in a serious form in the 
early sowings under adverse soil conditions, 
and even spread to areas mediumly saline in 
the subsoil. Lyallpur, however, experienced 
mild temperatures and abundant rains during 


i, —1 


The weather conditions in Multan and 
Montgomery are generally different from those 
at Lyallpur and w^ere specially so in the year 
under report (1941-42). The months of Sep- 
tember and October were characterized by 
I unusual spells of higher temperatures than 
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August and Sui>toi-nber, md October too was 
not uiiusiiaily Vvurm. (Jwing to the favourable 
wtujthor, the" May sowings in the experiments 
ut Lyalipiu' matured their boils normally, in 
spite (d‘ liie saline subsoil. This ^resulted in 
the absence uf any increase in yield due to 
defeuTed sowing even though the variety used 
was 4F (IMi)ie X\'III). It is noteworthy, how- 
ove]% that the yield did not lall under June 
sowing. Birailarly it has been observed ^ that 
Oil rich noii-sahnc lands where the opening of 
boils is iioTTiial irrespective of sowing date, 
rfune sowing is as good as ]\ray sowing, provided 
the spacing is close enough under the former. 


Table XVIII 

Effect of late sowing on 4F at Lyallpur (1941-42) 
(Sandy loam soil with saline subsoil) 



dl (21/5) 

d2 (23/6) 

Remarks 

Yield (md. per acre) 

18-10 1 

^ ' 18-65 J 

Differences non- 

Boll weight (gm.) . 

2-70 

2-75 1 

signiflant 


U. Exbvnsivo trial of late sowing on a 
com.merakil farm ’(1940-41) 

To set up late sowing on a practical basis it 
was necessary to test it on a field scale. 
B.C.G.A. Fy^rm, KbaoeAvai, was the first com- 
mercial farm that took the lead in this direc- 
tion and ofiered (iooperation to try out this 
measure extensi\niy. The sowings on this 
farm used to start in the first week of May and 
finished by the end of this month. The crop 
was frequently subject to intense iirak and the 
yields were generally much below expectation. 
Since 1940, May sowings have been practically 
abandoned in favour of June sowings, with en- 
couraging results. A record yield of 16 md. 
per acre was obtained over an area of 1,500 
acres in 1940-41. In the following season, in 
spite of the very unfavourable weather at boll 
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development, in the form of a hot and^ dry 
spell, from the end of September to the middle 
of October, damaging the crops in the districts 
of Montgomery and Multan, the average yield 
at the Khanewal Farm was 10 md. per acre. 
In 1942-43, the sowings were again done accord- 
ing to the schedules (given later) but due to 
unusual rains in the first yveek of July, some 
of the fields had to be resown and sowings 
completed by the middle of July. Neverthe- 
less, the average yield was 16f rnd. per acre. 

To get an idea of the actual benefit accruing 
from the adoption of this measure, a simple but 
replicated sowing-date experiment with X25 
variety was also arranged at the B.C.G.A. 
Farm, Khanewal, in 1940 and repeated in the two 
succeeding seasons. Twelve strips of land of 
two acres each under uniform cropping were 
’selected each year, and the choice was ex- 
tended over a number of squares of a ohah 
which was different in different years. Bach 
strip was divided into four half -acre plots, and 
the four dates of sowing were allocated at 
random to them. Bach plot was picked and 
^ weighed separately so that the result could be 
statistically analysed. There was remarkable 
similarity from year to year, in the yield trend 
of the different sowings, in spite of the wide 
variations in the level of yields and the 
character of the soil and ihe season. June 
sowings were consistently better than extreme 
sowings and the highest yield was obtained 
from the crop sown about 20 June (Table 
XIX). 

Discussion 

In addition to ameliorating Urah, the jdeld 
of hapas can also be increased and maintained 
by June sowing, provided closer and closer 
spacing is adopted with advancing sowing dates 
in June and due consideration is given to the 
choice of variety. The relation of spacing with 
sowing date has been fully discussed in the 


Table XIX 


Effect of late sowmg 07 i the yield of cotton, at the B, C* G. A, Farm, Khanewal, for three successive 

seasons (1940-42) 

(Yield in maunds per acre) 


Year 

1 Site 

j Area 

dl (19-22 
May) 

d2 (4-7 
June) 

dS (19-22 
June) 

d4 (5-7 
July)t 

1 S-E. : ’ 

1940-41 

. : Chak 76 

24 acres 

12*62 

14*48 

16*10 

14-92 

. ±0-62 

1941-42 

. ' Chak 83 

24 acres 

5*38 1 

6*47 

7*06 

5-77'-' 

+ 0-406 

1942-43 

. , Chak 81-82 

20 acres 

9*50 

14*87 

0 . ■ 

15-49 

8-58t 

±0*912 


t Resown on 15 July due to rains 


PARTl/lL FAILURES OF THE PUNJAB- AMERICAN COTTONS IN THE PUNJAB, .XII 


193 


previous contributions [Dastur and Mukhtar 
Singh, 1942; 1943] and is in accord with the 
experience of other workers on cotton in the 
Sudan [Gregory &t ciL, 1932; Lambert and 
Crow tiler, 1935]. Schedule A gives an idea of 


the changing' seed , rates , and spacings' with' 
advancing ' weeks in sowing period, . and .has 
been prepared from practical point of view to 
suit the Punjab conditions. 


Schedule A 


Date of sowing 


Seed rate to be used 
per acre 


Distance to be kept bet- 
ween rows 


Distance to be kept 
between plants 


25—31 May . . . 7 — 9 sr. 

; 1—7 June . . . 8—10 sr, 

8—16 June . . . 10—12 sr. 

16— 23 June . . . 12— 14 sr. 

24— 30 June . . . 14— 16 sr. 

The differential behaviour of variety with 
i sowing date is the outstanding feature of this 

i investigation. 289F74S variety in the Lyailpur 

I and Sargodha districts and K25 in the Mont- 

I gomery district do not do well when sown after 

I 15 June on account of a marked decrease 

in their boll number under these conditions. 
K25 and 289F/124 .behave still worse under 
June sowings at Lyailpur. On the other hand, 
LSS in Lyailpur and Sargodha, 4F in Lyall- 
pur, 289F/48 in Montgomery and Multan, and 
I . 289F/K25 and 289F/124 in Multan respond 

I favourably to delay in sowing. These varieties 

I are popular with the cotton growers in their 

respective localities and this renders the adop- 
I tion of late sowing in general practice easy. The 

superiority of a variety adapted to a particular 
- tract becomes better and better marked as 

sowing is delayed till the optimum date 
which is usually in the second week of June. 
Under earlier sowing, however, the Americans 
^ do not differ so widely. 

The cause for the better adaptability of cer- 
tain varieties to late sowing is to be sought in 
their ability to make sufficient growth so that 
the bearing capacity does not suffer appreciably. 
Besides, as already pointed out in a previous 
contribution [Dastur and Mukhtar Singh, 1942], 
the varieties that are susceptible to jassids, 
e.g. K25, 289F/124, have an earlier optimum 
under conditions inducing jassid attack, as com- 
pared with others that are relatively jassid resis- 
I tent, e.g. LSS, 289F/43 aucl 4F. Where jassjd 
attack is non-existent, K25 and 124F do admir- 
ably well under late sowings. 

A cultivator is unable to sow all his cotton 
in a single day. Sowings have got to he distri- 
buted over two, three or even four weeks, de- 
I pending upon the availability of ‘water, sowing 

[ facilities and method of sowing. Tn practice, 


2| ft. to 3 ft. 

U ft. 

^ \ 


2 » ^ 

n ,, 

2 ' „ s 

1 „ 

H » I 

9 in. 


therefore, we have to decide upon the optimum 
sowing period rather than the oi)timum sowing 
date. Thus sowings must extend on either side 
of the optimum date as revealed by experi- 
ments, and varieties chosen should be appro- 
priate as they vary in their suitability for late 
sowing. 

The absolute range of sowing period for differ- 
ent localities is different, even if the right 
variety is used in the right place. As the pri- 
mary reason for advocating late sowing is to 
maintain water balance of the plant under con- 
ditions of physical or physiological drought or 
both, it is natural that such a practice becomes 
indispensable in drier parts, viz. Multan and dry 
parts of Montgomery. In such places the 
sowings can extend as far as the beginning of 
July, because of the long spoil of hot and dry 
weather which proves disastrous for early 
sowings. In districts where wet summers are 
more frequent, e.g. Sargodha and Sheikhupura. 
delay beyond the middle of June, in years of 
heavy rainfall is exposed to danger of jassids. 
But early sowings have got to be avoided on 
account of danger of tirah in certain years and 
under certain soil conditions. At such places 
the rule should be to start late, sow quick and 
plant thick. For localities such as Lyailpur 
and Jhang which occupy intermediary position 
as regards the distribution of rain, the sowing 
period also lies mid-way between the two 
extremes. Schedule 'B' gives in a concise form 
an idea of the optimum sowing periods based 
on the above considerations. 

In the early years of introduction of America^! 
cottons in the Punjab, the general sowing time 
was the month of March, which was then 
shifted to April gradually. In later years the 
month of May has been recognized to be the 
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[XIV 


Districts 


Best sowing period 


Variety 


Sargodha, Sbeikbnpura 
Lyallpur,. Jhang 


25 May — 15 June 
25 May— 20 June 


Montgomery 


25 May — 25 June 


Multan' 


1 June — 5 July 


LSS 

LSS and 4F (43F, if sown, 
should be completed before 15 
June) 

K25 and 43F (K25 should not be 
sown after 15 June) 

K25, 43F, and 124F 


Note — Light sandy soils or soils of low fertility should, in practice, be sown in the first fortnight of the so^w^ 
periods recommended in the schedules, as further delay m sowing on such lands is apt to increase boll size at the 

cost of boll number and thus cause reduction in yield 


optimuiii period. As a result of the recent in- 
Testigations into the tifak problem ^ the supe- 
riority of June sowings has definitely been 
brought out. It can thus be conceived why 
failure years concentrated in the 10-year period 
1919-1928 and the crops failed miserably in 
1919, 1920, 1921, 1926, 1927 and 1928. 

It appears that American cottons, to start 
with, came to be sown about the same date as 
was prevalent in ease of the indigenous short- 
stapled cottons. The sowings were then ^ early 
and seem to be induced by the availability of 
water at the termination of the rahi season. 
Besides, the abundant growth made by such 
sowings gave the misleading impression of 
correlated high yields. These factors, rather 
than any direct evidence, popularized the 
tendency for early sowings. The practice 
may not have been as bad in the case of desi 
as of Americans because the former are able 
to mature their bolls and maintain yields^ over 
a wide range of sowing period. The Americans, 
with the sowings in vogue at that time, un- 
doubtedly, suffered greatly under certain soil 
and climatic conditions. 

The interplay of soil conditions with the 
weather factors governs the intensity and spread 
of thah in a particular year. Under the influ- 
ence of favourable weather, the crop on certain 
fields potentially subject to tirak, may actually 
escape its onslaught, even though sown in May. 
There can thus be wide variations in the yield 
of cotton on such’ fields from year to year. The 
benefit that can be expected to accrue from 
laie sowing, will like-wise vary. The useful- 
ness of this measure on a particular soil in a 
particular year will be great or small depending 
upon the decrement in the boll weight of the 
early-sown crop from the normal. 

The differential response of varieties to nitro- 
gen is another important finding of this experi- 


ment. It is noteworthy that the response order 
of the varieties is also the order of their yield- 
ing capacity. Similar relation has been recorded 
for varieties in Egypt by Crowther et al. [1937]. 

Desi (Mol. 39} responds the most everywhere. 
LSS is seen to respond better than 289 F/43 
in Lyallpur and Sargodha. 289F/43 is better 
suited for manuring than K25 in Montgomery 
on account of the latter's known susceptibility 
to jassids, particularly under N-fed conditions. 
It is, however, possible that 289F/43 and K25 
may not differ so widely in their response to 
nitrogen in a non-jassid year. 

Watering has been effective in most of the 
experiments? where salinity was present in the 
subsoil. As with nitrogen, the response to water 
has been great or small in the different varie- 
ties according to their yield. 

The declining responses to nitrogen and water 
with advaucing sowing d^tes suggest a rational 
discrimination in the use of additional water or 
nitrogen if available. The first sowings within 
the sowing range stated in Schedule ‘B', should 
receive preferential treatment for extra watering 
on fields with saline subsoils, and for nitrogen 
oil light sandy non -saline lands. 

The differential behaviour of the three amelio- • 
rative treatments under the three soil types can 
be condensed in the form of a table (Table XX) 
which is self-explanatory. 

Obviously, the maximum benefit can only be 
derived when the right remedy is applied in the 
right place. It is not normally possible for a 
zainindar to distinguish the soil conditions 
causing tirah.^ Besides, soils with saline or 
normal subsoil are intermingled. The practice 
of late Bcming obviates the study of soil condi- 
tions and is, therefore, of- wider applicability. 
•As the adoj)tion of this measure involves no 
extra cost, any increase in yield, great or small, 
is a net gain. 
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Table XX 

Relative magnit'ude of the ameliorative effect of water, nitrogen and late sowing on the three soil types 



Sandy loams with saline 
subsoil 

Light sandy and saline 

, Light sandy 

Extra water . . 

High response on opening 
and yield 

Medium response on open- 
ing and yield 

Low response on opening 
i and yield ■ 

Nitrogen . 

No response on opening 
and yield 

No response on opening but 
medium to low response 

1 on yield due to an in- 
crease in boll number 

High response on opening, 
and yield " 

Late sowing with close spac- 
ing and under ordinary 
water supply 

High response on opening 
and yield 

High response on opening 
and yield 

‘ High response on opening 
and low to medium res- 
ponse on yield 


Summary 

This paper embodies the results of numerous 
multi-factor experiments in relation to tirah 
disease of cotton conducted in the different 
cotton-growing tract® of the Punjab over a 
number of years with the commonly-cultivated 
varieties. 

Applications of nitrogen and extra water are 
specific remedies. Extra water at the fruiting 
stage ameliorates iirak and gives higher yields 
of fcapas on soils with saline subsoil where ni- 
trogen application is totall.Y ineffective. 

Application of nitrogen is highly miccessful in 
reducing tirah and raising yields on light sandy 
non-saline soils, where the response to heavy 
watering is meagre. 

On soils which are not only sandy and defi- 
cient in nitrogen but are also saline or alkaline 
in the subsoil, the application of nitrogen does 
not improve opening of bolls even though it 
raises the yield through more profuse ^bearing. 

June sowing is a common ameliorative mea- 
sure irrespective of the ffrafc-promoting soil 
conditions. The comn|>only- cultivated American 
cottons are prone to tirah when sown in May, 
but they improve in opening when sown in June. 
The yield results are also favourahle, provided 
the necessity of close spacing for late sowing is 
correctly appreciated. ^ 

As it* is extremely difficult for a zaminda^r to 
distinguish the soil * conditions causing tirah the 
ndoption of late sowing as a general measure is 
of great practical value. 

Two schedules have been prepared for the 
guidance of the cultivators on the basis of ex- 
perimental results. Schedule A gives an idea 
of the changing seed rate and spacing wdth ad- 
vancing dates of sowing. Schedule B furnishes 


particulars as to the optimum sowing periods 
for the commonly-cultivated varieties in each 
district. 

A large number of big as well as small cotton 
growers have recently based their practice on 
the above recommendations wdth encouraging 
results. 
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ON PHOTOPERIODIC EFFECT OF JUTE PLANTS 
By J. 0. Sen Gtjpta, D.So. and Nmn Kttmae Sen, M.So., Presidency College, Calcutta 

(Eeceived for publication on 1 1 March 1944) 


'rajs work of Garner and Allard [1920 ; 1923 ] and 
of Tincker [ 1925 ; 1928 ; 1929] showed that 
iilants in their behaviour towards the length 
of light exposure, arrange themselves into tlnee 
general groups according to the effect of the treat- 
nient upon the time of flowering : {a) those species 
and varieties which are apparently little alffected ^ 
in their time of flowering by the duration of the 
exposure to light- — called ^neutral' plants by 
some; (6) those plants which are caused to 
flower by the action of short days—called \ short 
day ' plants ; and (c) those plants which are forced 
into flowering through the action of long days — 
called \hng day ' plants. ^ 

Lysenko showed that in the course of de- 
velopment the plant requires a different set 
of conditions for the different phases, an early 
one of which is the definite temperature require- 
ment called the ' Vernalization stage ’ or 
‘Thermo stage’. This' 'Thermo stage’ is 
followed by a second stage in which the plant 
requires a certain length of day called ‘Photo 
stage ’ {PJmic demlopment of plants, 1935). Thus 
Lysenko’s view of Photoperiodism is that the 
vernalization stage has to be followed by a 
‘ Photo stage ’ for which a certain length of day 
ife necessary. When this stage is completed the 
daily period of illumination no longer influences 
the time of flowering. 

In India the influence of the length of the day 
on the course of development specially on the 
time of flowering has been recorded by Sen and 
Chakrabarty [1942] on mustard, Pal and Murthy 
[1941] on gram and wheat, Alam [1937] and 
Sircar [1942] on rice and Rhind [1935] on sesa- 
mum. 

This paper contains the results of preliminary 
investigations on how far the length of the day 
is of influence on the growth and development 
of jute plants. 

Experimental procedure 

Corchorus Gapsularis (D. 154) and O. Olitorius 
(Chinsiira Green) the two recommended strains 
for the low and high lands respectively were used 
for the experiments. Seeds were obtained by the 
courtesy of the Director, Jute Agricultural Re- 
search Laboratories, Dacca. 

On 20 April 1943 dry seeds were sown in 
earthenware pots 13 m.xl3 in. containing well 
manured soil, at the rate of 40-50 seeds per pot 


at four different places equidistant from the 
centre and the wall of the pot. As the seedlings 
developed they were removed from time to time 
keeping four best plants in each pot, and were 
equally watered regularly except on rainy days. 
Experiments were devised in consultation with the 
Statistical Laboratory, Presidency College, Gal- 
cutta. For siififlcieiit number of replicates 15 
pots were taken for each species with 4 plants 
per pot, the pots being divided into three sets 
of 5 pots each, one set as control and the other 
two sets were exposed to two types of short day 
treatments. In the first treatment (Treatment I) ^ 
the pots were removed to a specially constructed 
dark chamber in the field at about 4 p.m. and 
brought back outside at dusk from 25 April 1943, 
i.e. 5 flays after sowing when the seedlings were 
distinct and exposed to this treatment for 60 
days. In the second treatment (Treatment II) 
the exposure to similar treatment as above com- 
menced. after 30 days of growth in' normal condi- 
tions and continued for 60 days as in the previous 
case.' Thus the short day treatment meant an 
exposure shorter by 3 hr. approximately than the 
full clay length which varied between 12 hr. 39 
min. and 13 hr. 27 min. during the period. The 
treated plants were otherwise exposed to exactly 
the same conditions as the control. 

To study the effect of treatments on the growth 
and development of the plants, the following 
measurements were recorded every week com- 
mencing from, when the plants were 30 days old 
till the maturity of the first fruit. Growth, 

however, continued slowly evqn after this.. 

(1) Height of the stem in cm. 

(2) Number of nodes of the ste m excluding 
undifferentiated nodes of 'She extreme apex. 

(3) Number of leaves on the main stem. This 
included the newly unfolded immature leaves of 
the apical rosette. 

(4) Number of leaves shed from the base of 
the stem. From these counts the life of the 
different leaves, the total number of leaves present 
on the main stem for active photosynthesis can 
be calculated. 

In all the leaf counts the pairs of the coty- 
ledonary leaves were taken as one leaf. 

(6) Number of branches more than 5 cm. in 
length. They were counted under three heads, 

[a] 5 cm. and more, (6) 15 cm. and more, and 
(c) 30 cm. arid more,. 
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1 Fia 1. 120 days old C. Gapsularis plants 

, ’ (a) Treatment Iwith over-ripe fruits; 

. (b) Treatment II with ripe fruits; 

(c) Control with flower buds 
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Fig. 2. 120 days old 0. Olitorius 
plants (a) Treatment I with 
over-ripe fruits; (b) Treat- 
ment II with ripe fruits; 
(c) Control with flower buds 
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When the plants in,, a set began to flower, they 
were examined regularly and. the time of the ini- 
tiation of flower buds, fruits and matarity of 
fruits were noted for ..each plant. .These data 
were recorded , on the following basis : 

(a) D.iffereiitiatioii of , iiio,rphologica.lly visible 
flower buds were taken as, date of flowering. 

(b) Di,ffere]tttiatioii of, morphologically visible 
first fruit was taken as the date of fruiting, ■ and 


(c) Ripening of the first fruit was taken," aa 

the maturity of fruit. 

In every case data were recorded for all the 
plants separately and tlie mean values are re« 
corded in the different tables given below.. 

The mean time required' for. fi..owering and 
fruiting and the differences between the control 
and treated plants are given in Table I. 


Table I 

Time of flowering and fruiting 


Treatment 

Mean 

date 

of 

lloworing 
in days 

Earliness 

from 

control 

in 

days 

Time of 
flowering | 
in days 
after * 
^ commence- 
ment of 
treatment ! 

Mean, 

date 

of 

fruiting 
in days j 

1 Earliness 
from 
control 

C< Caps 

Treatment I . , 

Treatm.e,nt II , ..... 

Control ' . ' , ' ' . , . ' , . ■ . : 

mlaris 

32-6 

47*4 

114-1 

00 

i 27*6 

1 ■ 17*4 

I 

47*6 
60*4 i 
134*6 1 

87-0 

74-2 


C, Olitorius 


Treatm©,iit I 




. 1. 

27*8 

98*1 

22*8 ( 

36*0 i 

99*4 

Treatme.i:it II 

Control 


• 

• 

, i 

i 

44*4 

125*9 

81*5 

14-4 j 

56*3 

135*4 

79*1 


It is seen that the plants exposed to short 
days flowered and fruited much earlier than the 
control and of the two treatments, plants of 
Treatment I flowered and fruited earlier than 
those of Treatment II. Plants of Treatment , II 
responded much earlier after commencement of 
treatment than those of Treatment I. 

It is found that a great development of a 
branch from an axiliary bud near the apex of 
the stem leading to the look of an apical split 
is associated with the initiation and production 
of flower buds, flowers and fruits. 

Mean heights of plants in different treatments 
are given in Table II. 

It is found" that the treated plants which are 
seen to flower much earlier (Table I) also remained 
short. Thus earliness of flowering due to short 
day treatment is associated with checked growth 
(vegetative) in length. It is seen that of the two 
treatments plants of Treatment I remained 
shorter than those of Treatment II. 

It is found that the apical branch grows 
longer and longer almost equally as the main 
stem at the apical portion, which now grows in 
an inclined manner (pronounced in <7. Olitorius 
and less in 6''. Ca^psularis), and thus these two 
sublend an angle at the apex giving the appear- 
ance more . or less,.': of a Y type, the angle, being; 
more or less 90° in G. Capsular is and about 145° 
in C, Olitorius. 

The mean number of total nodes at different 
stages are given in Table IIL 

It is seen that the number of nodes is much 
greater in tht'^ control iha!i in the treated ones 


and between the two treatments, plants of Treat- 
ment II had a larger number of internodes than 
those of Treatment I. 

The number of branches separately under 
5 cm. and more, 15 cm. and more and 30 cm. and 
more are recorded in Tables IV and IV-A. 

It is seen that the treated plants developed a 
greater number of branches than the control 
under all the three heads in G. Gapsularis, where 
the difference between the two treatments is 
that the total number of branches 5 cm. and more 
is greater in Treatment II, whereas those of 
15 cm. and more are distinctly greater and of 
SO cm. and more slightly greater in Treatment I. 

Thus 0. Gapsularis of Treatment I developed 
a larger number of branches and became more 
bushy than those of Treatment II which develop- 
ed a larger number of shorter branches. 

In G. Olitorius branches began to be produced 
first in Treatment I, then in Treatment II, much 
earlier than the Control. These branches slowly 
increased in length and at the time of maturity 
of fruit;' the plants of Treatment I (65 days after 
sowing) had the largest number of branches. In 
the long run, however, control plants produced 
the largest number of branches of both 5 em.- 
15 cm. or 15 cm.-30 cm., but there was no 
appreciable difference with branches more than 
30 cm. Plants of Treatment II produced lesser 
number of smaller branches. 

The total number of leaves on the main stem 
and those dead from base as the plant grew are 
recorded In Tables V and VI. 



Table IV 
Number of branches 
< 0 . CapBiUins) 



Number of branches 

iC, OlUoriuB) 


m 



* Total No. of branches was not recorded 




Total leaves produced on the main stem 
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Tt is seen tliat line total number of leaves is much 
greater in tlie cojitro! than in the treated ones 
and there wctc more leaves developed on the 
plants of Treatment II than those of Treat- 
ment 1. 

Regarding the shedding of leaves, it is found 
that in G, Capstdaris plants of Treatment II 
shed the largest number, second came the controls 
and last those of Treatment I, and- tn (7. Olitorius 
the controls shed the most, next came plants of 
Treatment II and last those of Treatment I. 

It should however be remembered that the 
total height, and number of internodes were much 
greater in the controls. 

By following the course of developmental 
changes .studied under different heads by weekly 
measurements it is seen that the stages at which 
the well marked differences between the controls 
and treated ones mentioned above began to be 
evident are as follows ; {a) Height — from the 
time of the initiation of fruits, (b): Nodes— from 
the time of the initiation of fruits, (c) Branching — 
rapid development after flowering, (d) Leaf — 
from the initiation of fruits, and (c) shedding of 
leaves — after setting of fruits. Thus the modi- 
fications undergone by the plants under short 
day treatments are associated with the onset of 
flowering and fruiting. 

Disoxtssiok 

From the results of the experiments both the 
species of Jute seems to come under " short day ’ 
plants. The plants show a remarkable eariiness 
of flowering associated with a remarkable modi- 
fication of the vegetative growth under short 
day treatments as a result of which the plants 
remain shorter and become bushy. But from 
the experiment and results nothing can he said 
about the critical light period, critical duration 
of exposure to short day treatment and whether 
there is Photoperiodic Induction in the plant. 
It is, however, clearly seen that in the " short day- 
treated plants the sexual phase which sets in 
earlier continues vigorously in the production of 
flowers and fruits at the cost of vegetative growth 
which is considerably checked. 

Eegarding the significance of" the photo- 
periodic effect mentioned for economic utility, 
earliness of flowering and checked vegetative 
growth will be of no use so far as the yield of , 
fibre is concerned. But it can be useful for 
breeding experiments where it will be possible to 


study more than one generation during one 
season, and to seed farms for raising more than 
one generatioii in one season. The results also 
show a povssibility of the vegetative stage being 
lengthened by long day treatments in which case . 
it becomes of utility even in connection with fibre 
production of the plant. 

SUMMABY 

1. Two species of jute plants C. Oapsularis 
(D154) and 0, Olitorius (Ghinsma Green) were 
grown in pots and exposed to a daily light period 
shortened by 3 hr. at two stages, (i) from the 
beginning, after germination, and (ii) when the 
plants were 30 days old, till flowering and fruiting. 

2. Both the species responded to treatment 
by early flowering and fruiting over the control, 
treatment from the beginning being more effective. 

3. Early induction of sexual phase greatly 
modified the course of vegetative development 
and response in this respect being more pro- 
nounced in the first treatment. 

4. Besponse to short day treatments resulted 
in a lower height, lower number of nodes, lower 
number of leaves, greater number of branches, 
smaller diameter of the stem and thus in shorter 
and bushy plants. 

5. The response in vegetative development 
like height, number of nodes, leaves, and branches 
began to be evident from the time of flowering and 
fruiting. 
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studies ON BASE exchange 

II. A COMPARISON OP DIFFERENT METHODS OF ESTIMATING BASE-EXCHANGE 
CAPACITIES AND OF LIME REQUIREMENT OF HYDROGEN CLAYS, ACID 
SOILS* AND PARTLY AND COMPLETELY DESATURATED SOILSt 

By S. E. Mukhbejeb,** M.Sc., and A. K. GANGtiLY, M.Sc., Colloid Research Laboratory, University 

College of Science and Technology, Calcutta 
(Received for publication on 7 May 1943) 

(With two text-figures) 


The variations in the total acid of hydrogen 
clays estimated by different methods are con- 
V’ trolled by the and two types of cation effects 
i [Mukherjee, Mitra and Miilierjee, 1937 ; Mitra, 

! Mukherjee and Bagchi, 1940; Mitra and Mitra, 
1940 ; Mnkherjee, Mitra, Mnkherjee and Chatter- 
jee, 1942 ; Mnkherjee and Mitra, 1942]. The 
effect is generally recognized bnt its nature is not 
clearly defined. It is illustrated by the continued 
buffering in the reaction between hydrogen clays 
and alkalis showing that more and more acid is 
neutralized by the base as the pH rises. The ca- 
I tion effect is illustrated by the following results : 
I The b. e. (5. calculated from the titration curves 
with different bases at a fi.xed e.g. 7 *0, decreas- 
es in the order Ca (OH) 2 > Bai(OH) 2 > NaOH. 
The effects of the various cations are in the order 
Ca+ +> Ba+ +> Na+ . This is in violation of the 
usual lyotrope series and has been termed the 
' Irregular ’ or ' Specific cation effect When a 
" neutral salt is added to a hydrogen clay a consider- 
able amount of titratable acid is found in the 
supernatant liquid. Using a fixed concentration 
of different salts having a common anion which 
does not enter into chemical reaction with the 
hydrogen clay the total acid of the supernatant 
liquid has been found to decrease in the order 
Ba’^+>- Ca++> Na+. This order illustrates what 
has been termed the ‘ Regular cation effect ’ in the 
sense that the relative effects of the cations arc in 
agreement with the lyotrope series. It is, however, 
to be noted that in the case of cations like Ca+ + or 
Ba+ + which do not differ much in their exchange 
' properties, the difference between the amounts of 

these cations reacting with the hydrogen clay is 

* The expression ‘ acid soil ’ has been used to denote, as 
is usual, natural soils with an acid reaction and ‘ hydrogen 
4 soils ’ to denote desaturated soils obtained by exhaustive 

^ leacliing with 0 • 02 IST HCl assuming that the desaturation 

has been complete 

f The results given in this paper were published hi the 
Annual Report for 1939-40 on the working of the scheme 
of research into the properties of colloid soil constituents 
financed by the Imperial Council of Agricultural Research 
and directed by Prof. J. N. Mukherjee 
V ** Assistant Soil Chemist xmder the above scheme dur- 

r ing 1938-39 


not so marked as it is between widely differing 
cations like Ca ++or Ba+'h and Na+, especially 
when the other factors, viz. concentration and 
are high. 

In the light of the work cited above it appears 
that when the salt concentration is high, the pH 
sufficiently high and the adsorption of cations 
strong, differences in the nature of the cation or : ■ 

pH should not much affect the estimated values 
of the base exchange capacity and those routine 
methods which satisfy more or less these condi- 
tions show fair agreement amongst themselves. 

But the differences as they exist are worthy of 
close scrutiny and it is also desirable to ascertain 
by varying the above factors whether there is a 
maximum limiting quantity of reacting acid asso- 
ciated with a given mass of a hydrogen clay or 
soil§. A comparative study has, therefore, been 
made of several routine methods for determining 
the b. e. c. of hydrogen clays and acid soiisj|. 

Th^ hydrogen clays were prepared according to 
the procedure described in the earlier publica- 


tions. 

Lab. 

Description of soil 

SiOa 

SiOs 

RjO 3 

AlgO 3 


51 

Highland acid soil on old al- 




luvium from Jorhat, Assam ; 
unmanured, imcultivated. 


2^80 


virgin soil under thatch grass 
Highland acid soil on old al- 
luvium from Latekujan, 

2-58 

53 




Assam; unmanured, uncusl- 
tivated virgin soil represent- 
ing the submontane tract . 

2-47 

2*70 


A comparison has been made of the following 
methods : 

i. Parker's [1929] method— Ba++ adsorbed 
from a neutral, normal barium acetate solution 
was estimated. 

§ Some results on the attainment of a limiting value of 
the b. e. c. of soils have been, already published in the 
F 7 'oc. Indian JSci. Cong. Assooiaiion 1941, Results of 
further investigation will shortly be published 

11 A similar comparative study was carried out by Mitra 
and Mitra in this laboratory {Indian J. agric. Sci. 10, 
344} 
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2, ScIioUenbei'ger’s [1030] method — ^NH 4 + ad- 
Horhed from a neutral normal solution of ammo- 
nium acetate ''vas estimated. j. c 

3 Schofield’s [1033] method— The amomit of 
base taken up from a half neutralized (udth lime) 
p-nitropheno! waB estimated. The reaction takes 

^^^4. Estimation of the amount ol baryta taken 
uo in presence of normal barium chloride to attain 
7*0 This was determined as follows: To 
fqual amounts (0-5 tol- 0 gm.) of the hydrogen 
clav to which equal volumes of N-BaOlg had been 
•.dded in well-stoppered Jena bottles, mcreasmg 
qSties of baryta were added. The mixtures 
were kept overnight with occasional shakmg 
and their pH values measured by mea-ns of the 
glass electrode. From the titration ci^e thus 
obtained, the amount of base required to reach 
7*0 was calouiated. 

if .■ - ri'i . 


id- 5. Continuous potentiometrie titration of the 
10 - hydrogen clay (25 c.c. of a suspension of 10-20 gm./ 
litre) with baiyta in presence of N-BaOlg was 
of carried out with the help of the glass electrode and 
le) the total acidity calculated from the amount of 
tcffl base taken lip to roach pH 7 - 0 . The time of 
interaction does not usually exceed 6 hours hi 
en these titrations. 

0. The amounts of cation adsorbed on leaching 
^ ^ with neutral normal solutions ol HH 4 CI, ifaOlg and 
CaClg were also estimated. 500 c.c. of salt solu- 
tion wnre used to leach the hydrogen clays ( 0-6 to 
1-09). The quantities of Ba++ and Ca+ + adsor- 
bed were estimated in the leachate obtained with 
^ N-NH 4 CI. INH 4 + adsorbed by the residue after it 
has been washed free of chloride was estimated 
by distilhng with magnesia. 

The results are given in Table 1. 

Table I 


ttydrogeii clay 

N-BaOls— 

Ba{OH)a 

conti- 

nuous 

titration 

w 

N-BaCl* 

-Ba(OB:)8 

bottle 

titration 

(ii) 

Barker 

{Hi) 

Scliolleii- 

berger 

(iv) 

Schofield 

(v) 

Jorhat-F (from soil 
No. SI) 

29*6 

33*0 

33-0 

32-0 

36*0 

Datekajan-F (from soil 
No. 63) 

Bl-S 

■ ■56*6 

64*0 

55*0 

, 65*0 


Cation adsorbed 


Metnoas i ana a k,^***.. 77 ; 

The close agreement between these two methods 
has been observed in the case of soils also in Part I 
of this paper. Method 3 gives a somewhat higher 
value with the hydrogen clay, Jorhat-i. lotal 
neutrahzable acidity calculated from the amormt 
of base required to attain jpH 7-0 (curves 1 and 2 
for hydrogen clays JF and LF respectively, 
Fig 1) is lower than those obtained by the other 
methods. If a longer time of interaction is allow- 
ed the titration with baryta in presence ol H- 
BaClo (emves i' and 2' for hydrogen clays JE 
and Li’, respectively. Fig. 1) gives values m 
general agi’oement witii tiie above iiietnods. biini- 
iar agreement was obtained in the case of hydi*ogen 
soils. Time ot interaction is therefore one of the 


important factors in the reaction between the 
hydrogen clay and base. 

In method 3 [Schofield, 1933] the cation 
(calcium) concentration is low (about N/50) ; m 
spite of this it gives values in close agreement with 

~”^Th^feature3 of the titration curves given in Fig. 1 are 
not discussed here ; this will be done in another publica- 
tion 


' Ux ■ t/Vdi WXJLV.' V tcxviV/W' Wiix V^.A'J.XXV'VX 

methods 1 and 2. This method has the distinc- 
tion that it ensiu'cs a maximum buffering. The 
p-nitrophenol-hydrogen clay mixture is maintain- 
ed throughout at pH 7 • 1. In the other methods, 
at least the initial stages of the interaction with 
base occur at a low'er pH. The adsorption of 
Ca+ + is quite strong in alkaline or neutral region 
[Mukherjee, Mitra aud Mukherjee, 1937 ; Mitra, 
Mukherjee aud Bagchi, 1940; Mitra, 1940; Mukher- 
jeo and Alitra, 1942]. The method also allows a 
long interval (16 to 18 hours) for the interaetiou. 
In the methods 1 and 2 it has been observed that 
on the addition of the hydi'ogeu soil the neutral 
reaction of the salt solution is iierceptibly displaced 
to the acid side of the pH scale. Similar lowering 
occurs with hydrogen clays and hence maximum 
buffering is not obtained. 

The last three columns of Table I indicate that 
the order of adsorption of the cation from their 
neutral normal solutions is .NH 4 +> Ba+ +> Ca+ + . 
hJH 4 + adsorbed is almost equal to the maximum 
b. e. 0 . of the hydrogen clays given by the other 
methods. Bimilar observations have been made 
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6 . jCj 

kd^ 





1)^ Sol JF with baryta In *bsan€« KaCI* 
0j Sol IF ,, i» »» 


<H> Sol IF „ 
B' Sol JF „ 
.0^' So! UF ,, 


In pretence of N-Badi CCofttiffueuf titration, Method S, p. | 

it " ** 

tf [Bottle titration Method 4. p, J 


IQ 20 


m. «. base per tOO gm. colloid 


with hydrogen soils (described below). The great- 
er adsorjition of NH4+ compared to either Ba+ + 
or Ca+ + ions is interesting. 

Considering the electrical double layer [Mnkher- 
jeo^ 1022] associated with a hydrogen clay particle 
the reaction with a neutral salt can be visualized 
as follows : When a fairly high concentration of a 
salt is added to the hydrogen clay its cations will 
displace both free and bound hydrogen ions from 
the complex. The extent to which this exchange 
aiul desorption of hydrogen ions take place is 
indi(?ated by the equilfbritim pH of the mixture and 
will depend on the natnre of the added cation. At 
all 2>H lower than the equilibrium pH the hydrogen 
ions will tend to be adsorbed at the expense of the 
added cation. At the high concentration (normal) 
of the salts usually employed for leaching the 
difference in the cation effects is not very large and 
it appears that the greater adsorption of NH4 ion 
mainly results from the higher equilibrium pH of 
the mixture of hydrogen elay and NH|GL In 
other words, under these conditions the pH effect 
becomes dominant. In the methods of Parker 
and Schollenberger the acetates act as buffer solu- 


tions so that leaching proceeds at a pH not far 
removed from 7 • 0. 

The effects of the pH of the leaching solutions on 
cation adsorption and its relative order have been 
examined with respect to three ' hydrogen ’ soils 
pre|)ared from the following soils by exhaustive 
haching with 0 -05N HCL They were then washed 
free from HCl and air dried. 

Lab* Description 

No. : 

20 ICalyanpur Agricultural Farm soil, collected from 
a deptli of 0-G in. A typical loam 

IGA Krislaiagar Farm soil, collected from a depth of 
G-12 in. A highland soil from Kadia 

56 Gating Farm soil from Assam, collected from a 
depth of 6-12 in., from the fringe of the MiJdr 
Hills, Assam. A. highland acid soil, uncultiva- 
ted and xinmanured 

The leaching and estimation of the cations 
adsorbed thereby were done by the procedure des- 
cribed earlier. The residual soil after treat- 
ment with N-]SrH4Cl used for replacing the 
adsorbed cation was washed with alcohol until free 
from electrolytes. The adsorbed NH4+ was then 
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estimated by distillation with magnesia. The time an almost constant is attained which is 
values are sh'owir in the la.st two columns of Table shown as the ‘ limiting ’ pR in Table II. One salt 
II. The values of the leachates are generally only was used for determining the ‘ limiting ’ pR 
less than those of the corresponding leaching solu- for a particular soil. Neutral N-BaClg for soil 
tions but the difference is almost negligible with No. 20, neutral N-CaClg for soil No. 16A and neu- 
NHjCl. When leaching has proceeded for a long tral N-NH^Cl for soil No. 56 were used. 

Table II 



Initial 
pH of 
salt 

Limiting 

pH 

pH of 
residual 

P'H of 
original 

Amounts of cation ad- 
sorbed 

]SrH 4 + adsorbed 
from NH^Cl to 
displace adsorbed 


solution 


soil 

soil 

Ba“b 4“ 

Ca+ + 

NS4+ 

Ba+ + 

Ca+ + 

Kalyaupur 

2*2 

2*3 

4-2 

' 

3*7 

3*2 

5*8 

10*4 

10*2 

H-soil 










b.e.e. 11-9 

4‘(j 

4-5 

5*2 

4*3 

6*0 

6-8 

11*3 

11*5 

11*6 


7-0 

6-0 

5-5 


7*1 

8*1 

11*7 

11*6 

11*6 


, 8-5 i 

6*4 

6*0 

: 

7*4 

, 

8*7 

12*7 

11*7 

12*5 

Krislmagar H-soil 

2-0 i 

2*1 

4*2 


2*9 

2*4 

4*8 

9*0 

9*0 

fo, e. c. 9* % 











4*0 

^ 4-1 

I 5-0 

i 

3*8 

6*1 

5*5 

7*2 , 

9*1 

9*2 


7*0 

'5*9 

i 

‘ 5-8 


6*3 

6*4 

9*0 




8*5 

6 - 3 . ; 

G -2 


6*8 

7*2 

9*4 

9*5 

9*5 

Gating H-soil b. 0 . c. 

3*2 

3v2 

4*8 


8*1 

2*9 

4*3 

6*3 

6*2 

6*2 1 

■ , i 

7-0 

6*8 i 

7*8 

3*5 

3*2 

• 3*4'', 

6*3 

6*4 



8-7 

8*3 j 

. ■■ ■! 

8*2 

i 

' “ ' 1 

3*2 

I 

3*7 i 

6*8 1 

6*4' ' 

i ■ 


The limiting pR of NH4CI teachings is nearly 
the same as that of the stock solution used whereas 
those of the leachates of BaClg and CaCla are lower 
than those of the respective stock solutions. 

The pR values of the treated soils on removal of 
the salt by washing after the teaching (the residual 
soil) are also recorded in Table II. They show 
that the residual soils have a more or less acidic 
reaction even when the leaching solutions were 
neutral BaClj and CaCla. The acidic reaction de- 
finitely indicates the presence of imexchanged and 
osmotically active hydrogen ions in the complex. 

The amounts of cation adsorbed have been plot- 
ted (Fig. 2) against the limiting pH*. Ba+ + and 
Ca+ +show reversal of the order of adsorption at pH 
between 4-0 and 6 -Of. The Kalyanpore hydrogen 

* In plotting these curves it has been assumed that the 
limiting pH values with BaClg and CaClg solutions are the 
same with all the soils, and those of NH4OI leachates the 
same as those of the salt solutions themselves. This can 
only be treated as a very rough approximation. 

t Results on the interaction between hydrogen clays and 
badpyta and lime obtained in this laboratory also show a 
similar reversal of adsorption of Ba+‘b and ions. 


soil shows it at 4*2, the Kidshiiagar hydrogen soil 
at 5*6. The adsorption of ion follows a 

dilFerent but an apparently regular course. 

Estimation of the lime requirement of acid, 

PABTLY DESATUEATED AND HYDBOGEN SOILS BY 
DIFFEBENT METHODS 

The methods of estimating the lime requirement 
of acid soils aim at measuring the content of ex- 
changeable hydrogen. The large number of 
methods available for this purpose seldom give 
concordant values. The two types of cation effects 
the hydrogen ion activity of the solution and the 
time of interaction, as already mentioned and dis- 
cussed in the preceding pages appear to afford a 
consistent explanation of the observed variations 
in these estimations . 

The following methods have been used for com- 
parison : 

(3) Schofield’s method [1933] 

(4) Bottle titration 

(7) Kappen’s method [1916 ^ 
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Ca-curves respectfvety t>| loj} jg 
• » I. soil No. I6A 

curve: re*p«cti»»ljf o( Iftll NO), 20, tJA Ifld >3 




u.sccl ill this invo.stigation .and the H-soi!s§ pre- 
pared from them. Tho b. e. c. has been deter- 
mined using either method 1 or 2 or both. The 
agreement 'between the b. e. o. of the naturally 
occurring soil and the corre.sponding H-soil shows 
that the base exchange property of tho soil re- 
mains unaltered when converted to the H-soil. 
Methods of determining lime requirement of soils 
may therefore be applied to H-soiLs and the values 
so obtained may be compared with the b. e. c. of 
the soils themselves. 

Table IV shows the results of the lime requir- 
ment of a number of acid and H-soils by the 
various routine methods. The b. e. c. (T) and tho 


(8) Daikuhara’s method [1914] 

(9) Parker’s Ba(OH) 2 — NH^CI method [1920] 

(10) Hutchinson and McLennan’s method 

[1914] 

Tho two ‘ acid ’ soils (Nos. 51 and 53) and the 
following soils which were only partially desaturat- 
cd have been used for the estimation of lime re- 
quirement. 

l^ah. Description 


Krishnagar farm soil, Highland soil (0*6 in.), 
Black cotton soil from Akola, C. P. (0-6 in.). 


The two acid soils Nos. 51 and 53 were also com- 
pletely desaturated and in addition tlie resulting 
hydrogen soils have been used making a total of six 
samples for this comparison. 

Table III gives a comparative study of the 
values of b. e. c. of tbree naturally occurring soils 
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Table III 


Hoii No* 

: 

Naturally occurring soil 

Partly desaturated 

H-soil 

Method 

1 

Metbod 

2 

Metbod 

1 

Metbod 

2 

Metbod ; . 

1 „ 

, 

jMoiliod 

2 

mA 



9*0 

• . 

8*5 

9*2 

•9*2 

20 


11*6 X 

11*9 

■ • 

* . 


,;:ii*9''": 



11-8, /I 






5a 

*■ 'A 

8-0 i i 

8*2 1 

• • 



7*5 



8-3 Ji 

7*5 / 






titiew and m liable to a greater error tlian the qiian- all the exchangeable bases have been displaced and 
titles T and S and the error will be greater the estimated ; but as we have seen the T-valne, de- 
smaller is the dihorericc compared to the values of pends on the method employed for its determina- 
T and S. The S-valiie should not vary provided tion. 


Table IV 






Lime requirement by methodsf 

Soil No, 


i S* 

T-S 

7 

8 

4 

0 1 

3 

10 

16A (Partly desaturated) 

8*5 

1*8 

1 

6*7 

5*3 

0*0 





34 (Partly desaturated) . i 

54*7 

20*5 

34*2 

14*2 

14*0 




r .. , 

51 

5* 9 

1*9 

4*0 

! 4*0 

1*8 

5*8 

i 

5*6 

.,4*5 

51 (H.Soii) » 

5*9 


5*9 

6*0 

,5*8 . i 

0*8 

7*2 

7*5 ■ ■ 

i, 5*9 , 

53 

' 7* 5 1 

3*3 

4*2 

3*9 

4*1 j 

5*4 


5*9 

"4*5'' 

53 (H.Soii) . . . 

7*5 1 


^ ■ 7*5 

6*5 I 

6*9 1 

1 

' ■ 7*6 , :■ 

; 8*4 

8*0 

7*7 


Estimated by Scliollenberger’s metbod t Expressed in m. e. per 100 gm. of hydrogen soil 


Methods 7 and S§ give values in a-gi’eement with 
T — S in the case of the two acid >soiIs where the 
amoimt of exchangeable hydrogen was small but 
they give smaller values for Nos, 16A and 34, 
especially the latter which contain larger amounts 
of exchangeable hydrogen. This observation can 
be understood from the balanced nature of the 
reaction between the acid soil and the salt solutions. 
In the case where the content of exchangeable 
hydrogen is large the pH of the medium appreci- 
ably diminishes and the back reaction i»s favoured 
but in the case where the amount of exchangeable 
hydrogen is small the pH of the solution does not 
change to an}?- appreciable extent. 

The single treatment used in the methods 7 and 
8 seems to be sufficient for soils having compara- 


tively small lime requirement. The agreement 
between methods 7 and 8, although they involve 
different cation effects, probably ari»ses from the 
fact that the latter uses an empirical factor (3*5) 
by whicb the titre value of the first leachate is to 
be multiplied. 

Methods 3, 4 and 0 give higher values than T — 
given in column 4, In method 4 a longer time 
of interaction is allowed, in 9 the soil is kept 
ill contact with a 0*1 N Ba(OH )2 solution for 
about 18 hours, and in 3 the soil is kept in 
contact with a solution of pH 7 • 1 for about 16 
hours. The three methods (3, 4 and 9) ensure that 
pH, the concentration of a strongly adsorbed cation 
and the time of interaction are all fairly high. The 
differences shown between them indicate the extent 
to which one or more of the factors are dominant. 
They give a higher estimation of the exchangeable 


§ A much smaller value is obtained for soil No. 51 
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hydrogen than obtained by methods 1 and 2. In ' 
method ,10 the cation (Ca+ + ) concentration is 
about N/50, the of the bicarbonate solution, is 
6*6 which rises to, 7*1 on treatment with the soil 
but the shorter time:. of interaction (3 hours) pro- 
bably, explains th,e low' ¥alues obtained by this- 
method compared to the above three. The latter 
values are ho.wever in good agreement with .the 
T— g. Probably the methods 3, 4 and^ 9 estimate 
less reactive hydrogen ions in addition to the 
more reactive ones estimated by the method 10 
or, included in the quantity T— S. 

SUMMAEY AXD OOXCLIJSIOK ' 

1 . In view of the lack of agreement amongst the 
various methods of determining the base exchange 
capacity (b- e. c.) of soil, a comparative study has 
been made of several routine methods using hydro- 
gen clays and hydrogen and acid soils. It would 
appear from the results recorded in this paper that 
the differences in the cation and effects and the 
time of interaction account for this lack of agree- 
ment. 

2. It has been found that Parker’s and gchoUen- 
berger’s methods give nearly the same value. At 
the high pH, high concentration of the salts and 
at the neutral reaction the cation effect practically 
vanishes. Schofield’s method gives a somewhat 
higher value. This may be accounted for ( 1 ) by the 
neutral reaction (pH 7 • 1), (2) by the greater adsorp- 
tion of Ca+ + in this pH region and (3) longer time 
of interaction (16 to 18 hours). The continuous 
titration (which takes about 6 hours) of hydrogen 
clays ^^ith baryta in presence of normal barium 
chloride gives a lower values but if the titration is 
carried out in bottles allowing a longer time of 
reaction (about 16 hours), the observed b. e. c. is 
in good agreement with either Parker’s or Schollen- 
berger’s method. 

3. The amounts of Ba, Ca and NH 4 adsorbed by 
the hydrogen clay from neutral normal solution of 
their chlorides are in the order ]SrH 4 +> Ba++> 
Ca+ + . 

4 . It has been observed that the 
cessive leachates witli BaClg, 
gradually increases reaching a constant 
This ^ limiting ’ pH in the case of NH4CI is higher 
than those in the case of BaClg and CaClg. pH 
effect is the dominant factor in determining the 
greater adsorption of NH 4 +. 

5 . The adsorption of Ba+ + , Ca++ and lsrH 4 + 
from their chloride solutions increases with the pH 
of the leaching solutions. The adsorption of Ca+ + 
and Ba+“i' shows reversal between pH 4 and 6 .^ 

6 . The base exchange property of a soil remaim 
in tact when it is converted into the H-soil. 
Methods of determining lime requirement may 
therefore be applied to soils after converting them 
to H-soils and the values of lime requirement may 


be -compared with their b.e.c. Lime requirements 
of some, acid, partly desatiiratod and hydrogen 
soils were determined liy six different methods. 
The values obtained by the various methods u^ere 
compared . with T -8 obtained by Sclioileiiberger’s 
method. The incthods of Kappeii and Daikuhara 
are in good agreement with that of Schoilenberger 
‘when- the amount' of exchangeable hydrogen is 
small but they give smaller values for -soils which 
contain larger amount of exchangeable hydrogen. 

- Titration with baryta in presence of N’-BaClg using 
longer time of interaction (bottle titration) gives 
higher values than by continuous titration. Par- 
ker’s Ba{OH) 2 -NH 4 bl and Schofield’s methods 
give values higher than T-S. The higher values 
are to be ascrib^ed to the pH and time effects only. 
The lower value obtained by Hutchinson and 
McLennan’s method in which the pH is also 7» I is 
due to the shorter period of interaction (3 hours), 
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STUDIES IN SOIL DISPERSION 

II EFFECT OF ®H VALUE AND THE NATDEE OF EXCHANGEABLE BASE ON 

DISPERSION OF SOIL 
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It has been shown that disponsion is complete differences duo to values are maintained 
and at its maximum when the value of a H-soil throughout. There is, however, a slight tendency 
is made equal to 10 *8 by the addition of NaOH for the dispersion to increase during 5-7 days up 
or LiOH [Puri and Manohar Lai, 1938]. Some to pH 10 or so. Dispersions at higher pH v^ues 
interesting considerations arise out of this, seem to have reached a maximum value in four 
namely, whether the soil, at different pH values, hours. It is clear that soils at ^fferent pH values 
which is not at its maximum dispersion, repre- represent structures which, if not permanent, 
sents a stable structure or it is merely a question are at least stable for a reasonable length of time, 
of time. It is quite likely that the rate of dis- i.e. 50days. 

persion of soil at different pH values might be The effect of pH value on dispersion is also 
different, in which case it would be more helpful brought out quite clearly from the above data 
to measure the rate of dispersion. The develop- (Table T) which shows that the differences in 
ment of the Chaino-hydrometer [Puri and Puri, disponsion at different pH values are maintained 
1939] for the mechanical analysis of soils has even on heating for 10 hours after keeping for 
made this study possible because the same sus- 50 days. 

pension could be examined at different intervals In order to see if this state of aggregation is 
of time which would not have been possible with only confined to the clay fraction or to the whole 
the pipette method. of the soil including coarser fractions as well, 

complete mechanical analyses up to 0 *06 mm. 

Rate of dispebsion of soBiiTM-soiii particles were determined after leaving P.C. 13 

A black cotton soil (lab. No. P. C. 13) wa« freed soil with increasing amounts of alkali in 2 per 
from exchangeable bases by treatment with cent suspensions! for three weeks. The results 
0*05 NHCl. Increasing amounts of NaOH were are given in Table II and show that the relation 
then added to the treated soil and the volume between pH and dispersion is the same w^hatever 
made to give a 2 per cent suspension. Particles size of particle is taken into consideration, 
of 0*005 mm. were determined at various inter- In other words, the alkali affects all the fractions 
vals of time. The results are given in Table I. equally. It would seem as if clay is uniformly 
The readings were continued for 50 days after distributed throughout the entire soil and as 
which the suspensions were heated for 10 hours dispersion increases, each fraction contributes a 
at 00-70°C. It will be seen from Table I that share of clay proportional to size or surface. 

Table I 

Rat& of dispersion of P, C, 13 E-soil at different pH levels 


Per cent (<0*006 mm.) particles after keeping for various intervals of time 

; J 


(taken 
after 48 

4 Hours 

8 Honrs 

12 Hours 24 Hours 

2 Days 

3 Days 

4 Days 

5 Days 

6 Days 

7 Days 

! 

14 Days 

30 Days 

50 D&ys 

60 days 
after 

hours) 






' 





heating 
for 10 
hours 

6*90 

6*2 

7*6 

6*5 

6*2 

8*4 

8*3 

9*8 

9*4 

9*6 

9*5 

1 0*5 

11*6 

12»7 

12*7 

6'C2 

9*6 

9*7 

10*0 

10*3 

11*7 

12*5 

13*4 

13*2 

13*7 

14*3 

! 11*6 

17*4 

19*2 

21*2 

7*71 

12*9 

13*2 

13*0 

14*3 

14*8 

i 15*9 

19*1 

18*6 

18*9 

19*6 

: 23*8 

25*2 

28*0 

29*4 

7*92 

15*3 

15*6 

15*0 

18*5 

20*4 

21*1 

21*6 

22*3 

23*0 

23*5 

j 25*4 

27*6 

29*1 

31*0 

S*60 

14*9 

15*4 

16*9 

21*7 

22*9 

23*9 

24*1 

24*9 

26*7 

27*3 

1 28*7 

32*7 

34*4 

34*9 

9*24 

16*6 

18*7 

21*0 

23*1 

20^0 

27*9 

28*2 

28*8 

30*9 

31*0 

’ 31*3 

33*4 

35*8 

36*2 

9* CO 

18*8 

21*6 

23*7 

26*7 

29*4 

81*6 

31*9 

32*6 

32*6 

34*1 

1 35*3 

36*3 

38*0 

38*4 

9-92 

24*6 

30*8 

34*1 

38*7 * 

41*4 

42*6 

43*0 

44*1 

45*6 

45*8 

. • 4G*1 

47*2 

47*2 

47*5 

10*52 

CO* 5 

60*9 

60*7 

61*3 

61*1 

62*9 

62*7 

61*0 

60*8 

60*3 

I 59*7 

60*5 

59*7 

60*6 

10*95 

C4*2 

64*6 

65*2 i 

62*3 

63*0 

62*9 

61*9 

62*2 

61*6 

61*2 

60*9 

61*2 

61*6 

62*3 
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Tabm II ■ 

Complete mechuniml .analysis of P. G, M A. T* ai different pH values {after. S weeks. Meping) 


pJS 

; Quantity of N/10 
NaGH. added to 50 gm. 

■ . of soil 

0 • 06 mm. 

0-04 mm. 

0*02 mm. 

O-Oi mm. 

0*008 mm.!0* 005 mm. 

0*002 mm. 

5-B5 

■' 6 

58-0 

52-0 

37*5 

31-6 

30*4 1 27*7 

.23*. 5 

6-16 

15 

66-3 

69-2 

61-4 

42-6 

39*4 36*3 

31*3 

6*60 

■ 20 

68-0 

64-4 

64-3 

45*8 

43*6 I 38*4 

■35*.0,' 

7*15 

' 24 

71-8 

68-0 

55-0 

47*2 

46*9 1 42*2 

^ .37*5 

7*45 

28 

72-9 ! 

69-1 

59-7 

■ 51*2 1 

48*7 1 44*8 

' 39*6, 

, ,8-25 

34 

79-3 

73-8 

66-2 

54*1 1 

51*7 i 47*3 

.A3-2 

/' :9*40 ■ 1 

40 

83-0 

81*3 

68-9 

57*5 1 

56*5 51*6 

' 44*3 


50 

83-8 

, 82-7 

74*0 

64*2 1 

63*4 1 58*2 

51 -9 

10-80 ‘ 

70 

.. .84*4, 

82-9 

77-7 

65*9 1 

64*4 1 59*2 

54*3 . 

11 *10 

100 

'85-4 

83-5 j 

77-2 

,■67*4 i 

65*4 1 61*4 

57*2 


Effect of the nature of exchangeable ions 

ON BISBERSION 

Increasing amounts of various hydroxides, 
were added to a H-soil (imdispersed) and dis- 
persion measured at every step by determining 
particles of 0 *005 mm. diameter with the Chaino- 
hydrometer. The total quantity of alkali added 
in this case was a little more than generally 
required for the maximum dispersion, the reason 
for which will be explained j^resently. The 
results are given in Table III. The greater effi- 


ciency of Na and Li ions is apparent. This soil 
requires approximately 60-70 c.e. of N. alkali 
for 50 gm. to bring it to pH 10 *8. When the 
addition of alkali is pushed still further a slight 
increase in dispersion is noticed which continues 
until flocculation takes place. Thi>s gradual rise 
is most probably due to the partial breakdown of 
the alumino silicates. It might be pointed out 
that the quantity of alkali added was subtracted 
from the weight of the suspended matter in every 
case. 


Table III 

Effect of the nature of exchangeable ions on dispersion 



Lithium 

j Sodium 

1 Potassium 

Amraonium 

1 Calcium 

Magnesium' 

M. E. of various alkalies 
added to 50 gm. of soil 

pli 

Percemt- 

age 

0*005 

mm. 

pH 

Percent- 

age 

<0*005 

ram. 

pH 

Percent- 

age 

<0*005 

mm. 

pH 

Percent- 

age 

0*005 

ram. 

pM 

Percent- 

age 

<0*005 

ram. 

pH 

Percent- 
age , 
<0*005 
mm. 

■ 10', 

6*19 

16*1 

6*15 

9*2 

6*05 

4*2 

6*0 

5*3 

5*2 

5*0 

4*8.8 



5*1' 

20 

8*04 

32*2 

8*02 

18*3 

8*00 

5*6 

7*8 

7*3 

6*0 

6*8 

6*80 

6*2 

30 

9*30 

42*0 

9*28 

28*2 

9*35 

6*8 

9*2 

9*5 

7*0 

6*6 

8*20 

7*28 

40 

10-06 

52 *7 . 

10*02 

40*2 

10*20 

7*5 

9*38 

11*8 

8*0 

6*7 

8*70 

9*14 

50 

10*36 

56*8 

10*30 

49-4 

10*46 

11*8 

9*42 

14*6 

8*6 

7*6 

8*86 

9*69 

60 

10*62 

59*5 

10*58 

. 57*5 

10*80 

13*6 

9*46 

16*5 

8*8 

7*0 

9*12 

10*30 

70 

10*76 

59*6 

10*74 

59*1 

10*90 

' 17*8 

' 9*44 

18*0 

9*0 

7*6 

9*20 

10*68 

80 

11*12 

60*0 

11*12 

60*8 

11*18 

25*7 

9*42 

20*0 

8*98 

7*2 

9*54 

10*80 

90 

! 11*18 

61*3 

11*18 

63*1 

11*24 

27*9 

9*54 

21*8 

9*10 

6*0* 

9*60 

6*55* 

100 

11*18 

61*4 

11*18 

63-2 

11*26 

31*0 

9*52 

23*1 

9*16 

4*0 

9*72 

1*96 

no 

11*25 

63*9 

31*28 

63*9 

11*34 

30*6 

9*58 

22*8 

9*18 

3*4 

9*70 

1*76 

120 

11*28 

61*8 I 

11*29 

67*8 

11*36 

34*2 

9*64 

24*5 ■■ 

9*20 

3*0 

9*74 

1*00 

130 

11*30 

61*5 i 

11*30 

68*3 

11*44 

32*8 

9*70 

26*25 



9*70 


140 

11*32 

02*9 

11*37 

71*6 

11*40 

23*1* 

9*66 

26*85 





150 

11*60 

64*9 1 

.11*55 

Floccu- 
lates I 

11*66 

15*4 

9*80 

26*80 

... 1 





♦Flocculation 

Complete mechanical analysis of P. 0. 13 soil 
dispersed with different bases was also done. 
Sixty milli equivalents of alkali were added to 
50 fi:m. of the H-soil in every case and suspen'^ions 
left for three weeks after which they were 
mechanically analysed. The results are given in 
Table IV. It is seen that the effect of different 
ions on dispersion is similar to the effect of various 
pH values (Table II), 


licgins at this point 

in the experiments described above, the H-so^i 
used was in the dry and therefore undispersed 
state. It is known that if a dispersed H-soil i ^ 
taken and the various ions introduced into the 
complex by the addition of equivalent amounts 
of various hydroxides, the dispersion, as regards 
conventional clay, is unaffected by the nature 
of the exchangeable ion [Puri, 1930]. However, 
it is quite likely that such differences might appear 
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Table IV 

Cotnpkte nmhmcal analysis of P. 0. 13 

f60 m.o. of 


0-06 mm. 
per cent 

0*04 mm. 
percent 

— T 

0*02 mm. 
per cent 

0*01 mm. ' 0*008 , 

per cent mm. per 
cent 

0*005 
mm. per 
cant 

82-9 

82-4 

62-2 

67-42 

48-46 

55-40 

79-1 

79-7 

43-3 

47-10 

36-10 

41-90 

76‘C 

75-4 

27- 8 
36-7 
25-6 

28- 0 

66-4 64-8 
66-6 ; 64-1 
17-4 ; 17-1 
23-8 ‘ 21-2 
10-2 9-0 
14.6 : 14-0 

60*1 . 
,,,60*7 
12-4 
17*0 

■ :"8V0.^' 

1 ' : 10*4 ' 


in tlio case of ultra-clay. Two soils, P. C. 13 and 
123 were used for t-Ms study. These soils repre- 
sented two distinct types as regards their ultra- 
mechanical analysis. As lithium-ions give the 
highest dispersion, the soils were first completely 
dispersed with LiOH. They were then treated 
wit^ 0 M iV^.HCl to remove all the bases and then 
without drying they were shaken with equivalent 
amounts of various hydroxides and the size 
bution of particles determined as usual by the 
pipette method. The results are given in Table Y. 
It is seen that there is practically no influence of 
the nature of the ion down to particles of 0 *00043 


mm. diameter. The difference becomes marked 

only in the ease of 0‘ 000177mm. particle and even 
then only as regards monovalent and divalent ions 
with the exception of H which behaves more lilm 
the divalent ions. Another observation made in 
tbis connection was that single base soils contain- 
ino- divalent ions showed a tendency to bocomo 
flo'ccnlated in the course of time. This is indicated 
in Table I along with the particular fraction whore 
it was noticed. These results are interesting in 
showing that the only stable suspensions are the 
saioids of alkali metals, others tending to floccu- 
late in the course of time. 


Table V • 

.UUm-mechanical analysis of soils wilh-different io7is 

! p0rc©nta>go of particles below various sizes 


Nature of iom 


0-b02min. 0-001 mm. 0-00043 mm. 0- 00029 mm. 0-000177 mm. 


P.C. 13 Soil- 


52-83 
38 -42(F) 
51 -.53 
60-00 
49-83 
60-07 
,53-60 
63-30 
63-83 


27-CC(F) 


28-07(P) 

24- 73(F) 

28 -40(F) 

42-57 

44-80 

40-03 

42-40 


P.C. 123 Soil- 


j:| Ca . 

■ Ba . 



1 • 

■ '■ 



i NH4 






1 §: 


■■ • ■■■ ■ 


.57-20 
58-70 
29 -00(F) 
61-30 
50-66 

67- 65 

68- 25 
.59-56 


38 -35(F) 
49-20 


14- 70(F) 
9 -10(F) 

20- 15(F) 

38- 00 
40-20 

39- 35 

42 -or) 


STTTDTES, IN SOIL TOSPERSION, II 


• 20 , 


III ] 

llYDIUTIOISr OF SOIL COLLOIDS-— A FACTOE In' CLAY. ' 
DETEBMINATION , 

TJae liigli dispersion of soil colloids in the 
presence of Li and., Na ions Ims been general! j 
.ascribed to the hydration of these ions. This is . 
quite., conceivable, as, ^the association^ of these 
ions with water niolecules, could easily overcome , 
•the cohesive forces: binding the particles together. 
The hydration may have the effect . of decreasing 
the density, thus making them, lighter or increasing. ' 
the friction, between the surface of particles ami 
water. „ This will have the effect of lowering the 
rate of settling, so that' if no account is taken of 
: these factors and settling velocities calculated 

• according to Stokes Law, .the pipetting in the 
,. mechanical analysis will he made ' too soon’ and 
a portion of the particles of higher diameters 
will be included, resulting in a higher value for 
clay. It is an important consideration, because 
if it is so it will be necessary to look upon some 
of these estimations in the presence of highly 
hydrated ions as apparent ’ clay. It has already 
been seen that a completely dispersed clay is ^ 

I unaffected by the nature of the exchangeable 
ion provided it is not allowed to dry (Table V). 

■ All the monovalent ions, which are admittedly 
hydrated to varying extents, show the same per- 
centage of clay down to 0 *000177 mm. particles. 
Hydration, therefore, cannot he a factor influencing 
! the settling velocities of these particles. There is 
another method of throwing light on this point. 
Clay can be determined at higher temperature, and 
if hydration is playing any part, there should be 
a decrease in the clay content due to dehydration, 

P. C. 13 and 123 soils w^ere chosen for this experi- 
ment, as they had the highest base exchange 
capacity, and, th^efore, likely to show the 
maximum effect oi hydration if any. The soils 
were first brought to a state of maximum dis- 
persion and then various ions introduced after 
; acid treatment as described in the above para- 
graph, Clay (<0 *002 mm.) was determined at 
three different temperatures, the highest being 
64°C. in the case of P. C. 13 and 58®C. in the case 
of P. C. 123. The results given in Table VI 
leave no doubt that, whatever effect the hydra- 
tion may have in breaking up the aggregates, 
it has no influence on the settling velocities. It 
is remarkable that Stokes’ Law^ is applicable 
over such a wide range of teinperatnro in the 
; case of tlie conventional clay frac tion. 

I Effect of temfebatitee oft disbeeston 

t Effect , of temperature on dispersion at different 

^EI values was studied by keeping a H-soil with 
I increasing amounts of NaOH in thermos flasks 
I for 24 hours and also by shaking mechanically 

I for the same period. There was a change of 

I temperature of about 5°C. during the period the 


Table VI 


Effect of 'tew.pejmlwre on the ckey content of soils 
toUh different ions 


Nature of ions 

Percentage of clay' {0* 0.02 iiim.) 

P. 0. 123 Soil— 

25X!. 

PC. 

58°C. 

Barium 

78*80. 

74*90 

73*40 

Calcinm . 

78*40 

70*50 

75*15 

Strontium 

70*20 

70*85 

73*80 

Alagnesium . 

75*40 

77*80 

.74*90 

Hydrogen 

73*00 

75*05 

72*80 

Ammonium . 

77*05 

77*85 

71*20 ■ 

Potassium . 

76*40 

74*60 

73*85. 

Sodium . . i 

78*80 

75*30 

74*45 

Lithium ♦ 

79-55 

77*10 

74*90 

P. C. 13 Soil- 

24 ®C. 

1"C. 

64°C. 

Barium 

55*70 

66*00 

Floecu 

lates 

Calcium 

53*90 

52*00 

49*67 

Strontium 

54*90 

63*70 

! 64*13 

Magnesium . 

1 ■ 54*57 

53*20 

52*15 

Hydrogen 
Ammonium , 

1 53*87 

51*23 

! 60*83 

52*83 

1 50*87 

53*33 

Potassium . 

53*67 

I 52*00 

63*53 

Sodium 

56*20 ■ 

i 53*80 

55*57 . 

Litliium 

56*37 

i. 62*73 ' 

■ ■ 

'.54*23.. 


suspensions w^ere kept or shaken. The results 
are given in Table VII and show that an increase 
in temperature leads to a higher dispersion at 
all pH values, the maximum difference being 
shown at the highest pH value when the sus- 
pension was not shaken. The maximmn value, 
however, show-ed little difference when the sus- 
pensions were shaken. 

The same effect is shown in a more striking 
manner in Table VIII in which the rate of dis- 
persion of the soil at two temperatures is re- 
recorded. It is seen that at 35®C. the soil is 
completely dispersed in about 4 hours whereas 
at 11°-12''C. it takes no less than six days to 
reach the same state of dispersion. 

Effect of dilution on dispeesion 

Effect of soil/water ratio on the physico-chemical 
properties of the suspension such as the pH value 
and conductivity are well known. In order to 
eoinplote the analogy between clay suspensions 
and solutions of wBak electrolyses the effect of 
dilution on soil dispersion must be known. 12 
gm. portions of a higlily clayey H-soil w^ere dis- 
persed at different pH values by keeping in con- 
tact wdth 200, 400, 600, 800 and 1,000 c.c. of 
water for 10 days, no mechanical shaking being 
given. After tliat the volume was made 1,200 
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Table VII 


' 12 gm. of soil 


pB. 

(Mean 

r\f A. 

A. No shaking was given. 
The sanqiiea were kept at their 
respective temp, for 24 hours. 
Percentage <0-006 mia. peti- 
oles at various temperatures 

pK 
(Mean 
of 4 

Ol * 

readings) 

j 

8-12°C. 

17-22° C. 

28-33° C. 

38-44°C. 

readings) 


6*3 9*4 13*4 
7*06 19*2 21*6 
9-05 25*6 27-6 
9.9 27*6 29*8 


21.6 24*0 

27-6 29-4 


16*4 17*0 
24-0 28*4 
29-4 32*4 
31*6 36*0 


10.55 29-2 33-6 37-0 39-6 

10- 86 29-6 36-8 40-8 42-8 

11- ao 37-0 40-8 41-6 60-0 


11-56 41-5 


40-8 41-6 60-0 

45.9 49-6 62-6 


B. Samples were shaken for 24 
hours at their respective tempe- 
ratures. P 0 rc©ntage< 0 • 006 mm. 
particles at various temperatures 


9.14°C. 19-25°C. 30-35“C .39-40°0. 


6-2 J 28-2 29-8 32*S 


7-06 1 31*6 


36-0 36*6 


8- 00 34-6 37-0 39*6 39*4 

9- 2 42*6 46-0 47*6 49-6 
10*15 60*2 64*4 56*6 65*8 
10*65 65*4 66*4 69*6 60*8 
11*15 69*0 58*6 68*4 61*4 
11*52 57*9 68*9 58*1 62*1 



TlABXM VIII 

5 of temperature on rate of dispersion 

j Percentage 0*005 mm. 

partioTee at pH 
11*0 

Time — — 

35°C. 11-12°C. 


4 hours . 
8 hours'. 
12 hours . 
24 hours . 
48 hours . 

3 days . 

4 days . 

5 days . 

6 days . 

7 days . 
14 days . 


c.c. in every case to give 1 per cent suspension. 
The results are recorded in Table IX. It will be 
seen that the effect of dilution is not apparent 
up to pH 9 -82 but at higher pH values the higher 
dilutions give greater dispersion. The soil used 
for this experiment was extremely sensitive to 
-pH changes as regards dispersion and therefore 
particularly suited for the purpose. These 
results again point to the analogy between solu- 
tions of weak electrolytes and clay suspensions. 
The increase in dispersion on dilution fits in well 
with the increase in activity of electrolytes on 
dilution. 

SUMMAKY 

The effect of pH value, the nature of the ex- 
changeable base, temperature and dilution on 
soil dispersion was studied. The value is by 
far the most important factor. The state oi 
agoregation of the soil reached at different pB 
values represents a comparatively stable structure 
which undergoes very little change even on keep- 
ing for 50 days or heating to a temperature of 
60^-70°C. Sodium and lithium are the only 
bases which give maximum dispersion. The 
effect of rise in temperature is similar to increase 
in dilution both leading to enhanced dispersion. 
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Tabi^ IX 

Effect of dilution on dispersion at different pH mines 

(Sol! No. 123 — A- T. — 1 per cent suspension was prepared) 

(Mter the addition of alkali samples were kept for 10 days. No shaking was given) 


The hydration of ions has apparently no effect 
on the settling velocities of soil particles as calcu- 
lated from the Stokes’ Law. 

REFERENCES,, 

Puri, A. N. (1930). Studies in soil colloids, IT. Factors 
irifluencing the dispersion of soil colloids in water. 
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Quantity of N. NaO H 
added to 12 gm. of ' ^ 
soil 1 

j 

?H (taken 
after 10 
days) 

Volume 

c.c. 

0-06 mm. 
per cent 

0-02 mm. 
percent 

0-01 mm. 
per cent 

0-005 mm. 
per cent 

0-002 mm. 
per cent 

! 

I 


200 

75-85 

51-20 

38-8 

35-2 

33-0 



400 

77-0 

64-8 

41-6 j 

36*4 

35-6 

3 c.c. 

9-20 

600 ; 

74*4 

61-6 

39-2 j 

34-8 

35-3 



800 

76-6 

49-0 

38-8 ’ 

34-8 

33-0 

' i 


1000 

76-6 

48-8 

38-9 

34-6 

33-2 



200 

83-6 

58-4 

48-8 

45-6 

45-5 



400 

82-4 

60-8 

52-0 

47-6 

45-3 

5 c.c. 

9-82 

600 

83-2 

69-8 

51-0 

47-1 

46-4 



800 

82-9 

66-8 

48-4 

45-0 

44-8 


1 

1000 


•• 



' , • - ' 



200 

j 

84-6 1 

1 66-2 

1 

62-2 

56-6 

56-3 



400 

85-1 

65-6 

64-3 

j 68-2 

57-9 

8 c.o. 

i 10-36 

600 

87-2 

74-6 

70-6 

67-4 

65-9 



800 

88-4 

1 

75*4 

71-9 

67-9 

I 67-7 



1000 

89-0 

■ 76-6 

j 

72-4 

68-4 

68-2 



200 

87-90 

74-8 

68-8 

62-5 

01-7 



400 

89-8 

79-2 

74-4 

'72-4 

71-0 

16 c.c. 

11-40 

600 

92-05 

83-8 

82-0 

80-0 

78-8 



800 

^92-9 

83-0 

81-7 

79-4 

78-8 



1000 

93-6 

84-8 

83-0 

81-9 

80-4 




STUDIES IN SOIL DISPERSION 

ni. EIFECT OF TAEIOUS OLTEA-MECHANICAL 

By Amaj. Katk Pimi ...d Baj.«a1.t Eai. PunjAb University Institute ot Chemistry, Lahore 

(Beceived for publication on 19 January 1943) ^ ^ ^ 

, Ill 1 e. 4-Urk h*iso«i were treated with alkaline KM11O4 HI accord 

A GOOD (leal oi soil on its ance with the directions given by Turi and Sarup 

of lirelimmiu} tieatiHCHl hnxvwor h [1937 2 ] and were dispersed by shaking them for 


^ ance with tbe direetaons given ny iruri aou 

of |irelimmiu> tieatmcnl hnxvc-ver h [1937 2] and w^ere dispersed by shaking them for 

meehaineal analysis. \ cry iiitie, howevci, i. - ’ 1 riresence of snfficient NaOH to raise 

knovm uhout the effect „i m.eh [M arid Muneha, Lai, 

xilt.ra-ii>eeliaiiica! analj'sis. It is not unlike y „ ^ ’ TTltr'i mechanical analvs(?s of these soils 

that some oi- the more drastic ^Sore aM after the treatment ' were determined 

dSSJf-riuiy^o' «rT.rmer are 

likely to prove too drastic. Jrfm the results it will also be seen that the 

Destruction oe HUivros preliminary destruction of organic matter is not. 

Duimis is knovn to play an important part necessary when the 
in tlirdispersior.ofsoils It acts ash cementing persed hy the addition of sufficient ^ 

material thereby, preventing the dispersion of NaOH. In order to find (lut if it is also true m 

soil aggregates. Itobinson [1932] found that the case of soils 

certain ^’I'hh soils rich in organic matter did 10 soils, rich in organic matter, 

not dispers<‘ fully even after the removal of ex- nreliminarv 

changeable calcium and calcium carbonates, of ^aOH both before and a The nH value 

He suggested preliminary oxihtion of organic treatment with alkaline KMnO^- 1.^0 mi,- 

mattcr‘'with boiling H^Oo solution. This method of each suspension was J-. „ 

Ts kter- adopted as k; International method results recorded in Table II reveal the following 

of preliminary treatment of soils for mechanical facts : x r i Rnmnc. enu 

anaWs. Hydrogen peroxide, however, was (D When soils are not freed from humus, con 
found to be not quite a suitable reagent on account sistently higher vahms are obtained for 
of its being expensive as well as troublesome fractions. _ „ ^rolnA<a 

especially in hot climates Crowther and Troell (2) The difference in / ^ fh- ne?- 
[1932] suggested the use of cold solution of sodium obtained for a soil is of the ^ ^ . 

hypobromite, while Chakrahorty [1935] advocated ceiitage of humus present in that sou. ir b 
the use of alkaline potassium permanganate, interesting to note in this comec lo ..Uyo. 

Puri and Sarup [1937, 2] introduced a few modi- itself in alkaline solutions has go - ‘ 

fications in the details of Chakraborty’s method mechanical analysis and all particles appeai mom 
and also showed [1937, 1] that the efficiency of or less to be of uniform diameter up to ^h® inni* 
alkaline KMnO* for oxidising organic matter to which the ultra-mechanical ana^sis can oe 

was greater than that of H,0, pushed. This wUl be clear_ from the results ot 

The use of alkaline permanganate, however, an experiment (Table IIL ^ uioutprl 

may be objected to on the ground that it is too was peptised with NaOH and then su 3 

drastic and might easily result in the destruction to ultra-mechanical analysis. , . 

of a part of the inorganic soil colloids. This (3) Humus on account of its sohibi 1 y in • 

adverse effect would naturally be confined to no longer acts as a cemenbng 

particles of ultra-clay. It was, therefore, of sion is brought about by the 

interest to study the effect of this treatment method. ^ 4. . i 

on the ultra-mechanical analysis. Eight soils (4) In order to obtain the conec anc^^ 

' w^ere used for this study.' These soils were not unduly high values of mechanica ana ysis 
rich in humus as the object w^'as to find out what the mineral colloids preliminary destruc 10 - 

■ effect the treatment had on the inorganic colloids, organic matter in case of soils rich in .numu 
The soils after being freed from exchangeable • essential. 





STUDIES IN SOIL' BISPEBSION, III 
Table I 

Effect of miployrng alkaline KMnO, 


Summation percentages of particles of various diameters in mm. 


Treated or untreated 
, with KM'nO'4 


Soil No. Per cent 
i humus 


0* 00006; 


0*0001 


0-001 ! 0-00063 0 - 000 ; 


Untreated 

Treated 


Untreated 

Treated 


Untreated 

Treated 


Untreated 

Treated 


Untreated 

Treated 


Untreated 

Treated 


Untreated 

Treated 


method" of as too drastic a preliminary treatment of the 


(Smhe alkaline permanganate . - . 

destroying organic matter does -not atfect the soil for mechanical analysis. 

mineral colloids and therefore cannot be considered 

Table II . 

u'ifJiouIr the destruction of hnmvs 


Comparison of ultra-mechanical analysis of soils with, and 


various diameters in mm. 


Summation percentages of particles of 


Humus freed or not 


Per cent 
humus 


0*001 I 0*000063 


0*00004 


0*00063 


Humus not freed 
Humus freed . 


Humus not freed 
Hitmus freed . 


Humus not freed 
Humus freed . 


Plumus not freed 
Humus freed . 


Humus not freed 
Humus freed . 


Humus not freed 
Humus freed . 


Humus not freed 
Humus freed . 


Humus not freed 
Humus freed . 


Humus not freed 
Humus freed . 
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Table III 

Humic acid after peptising it toith.NaOH 
ipM. of the sohition==9‘3) 


Particle size in mm. 

Percentages 

0*002 

90*8 

0*001 

89*7 

0*00063 

90*2 

0*0001 

90*8 

0*00004 

90*4 


Peelimikary acid treatments 

It has been shown elsewhere that in order to 
get maximnm dispersion in the region of ultra- 
clay the methods involving acid treatments are 
the only ones that are most effective [Puri, 
Puri and Manohar Lai, 1938]. These methods, 
however, may be regarded as too drastic on the 
ground that they result in the dissolution of 
aluminium and iron. In order to find out how 
far this objection is valid, three typical soils 
were leached with increasing amounts of HCl of 
varying concentrations. The soils were after- 
wards washed with water until free from Cl ions 
and then dispersed by the addition of sufficient 
NaOH to bring the pH value of the suspensions to 
10 • 8 and shaking overnight. The results given in 
Table IV clearly show that even after the removal 
of exchangeable bases prolonged leaching of the 
soil with the acid of much higher strength than 
that generally recommended for the purpose will 
produce no change in the results of ultra-mechani- 
cal analysis. The soil colloids, in fact, as far as 
can he judged from the behaviour of these three 
typical soils, are quite stable and resist the action 
of dilute HCl leaching. Leaching with N. HCl 
however, produces slight changes, but acid of jfchis 
strength is never recommended in any prelimi- 
nary treatment for dispersion. 

Heating soils to various temperatures 

Effect of heating soils to various temperatures 
Ojp^their physico-chemical properties has been 
iolidied by Puri and Asghar [1940]. They found 
that heating at dOC^C. causes fusion of clay 
particles resulting in the formation of stable 


aggregates V’liich could not be distinguished from 
coarser fractions. As at temperatures below 
400°G., the summation curves showed general 
similarity in the region of clay, silt and sand and 
it w^as at 400°C- and above this temperature that 
shift in the curve as a whole was noticed, this 
temperature (400°C.) was regarded by these 
authors as the Tusion temperature of colloidal 
particles’*. This statement could only be justi- 
fied if ultra-mechanical analysis, i.e. the analysis 
within the colloidal region itself could be shown 
to have been not affected below this temperature. 
Because it is quite likely that the ultra-clay might 
be affected even at a much lower temperature 
than400°0. 

Two acid -treated soils, P. C. 13 and 123 (one of 
which, namely, P.C. 13, was the same as that used 
by Puri and Asghar [1940]) were heated to various 
temperatures and then dispersed by the addition 
of enough NaOH to bring the pH value of the sus- 
pensions to 10*8. The results of complete 
mechanical and ultra-mechanical analysis are 
shown in Tables V and VI. It would be seen 
that while heating up to 300°C. has produced no 
difference up to 0*001 mm., it has appreciably 
affected the finer fractions, the effect becoming 
more and more pronounced as we go farther and 
farther into the regions of ultra- clay. 

Heating up to 100°G. produces no alteration 
even in the region of ultra- clay but heating above 
this temperature tells its effect. It starts cement- 
ing finest particles first and with further rise of 
temperature particles coarser and coarser begin 
to aggregate together. We may thus regard 
heating the soil even at 200®C. to cause 
the ‘ fusion of colloidal particles’. It would 
also be seen that in the case of P. C. 123 not only 
abrupt change in clay percentage appears at 
500°Q. (instead of at 400°C. as in case of P. C. 13) 
but also the differences in the regions of ultra- 
clay are less pronounced for tenaperatures 
below 500°C. Since this soil is less colloidal in 
properties than P. C, 13 soil, this difference, 
which is of degree only, is to be expected. 

As a result of ‘ fusion ’ of colloidal and coarser 
particles the specific surface of the soils on heat- 
ing will decrease considerably. The values of 
specific surface of these soils at different tempe- 
ratures are given in Table VII. The methods 
of calculating specific surface are discussed 
elsewhere [Puri, Balwant Rai and Malhotra, 
1944 ]. 


*It must b© understood that the word ‘ fusion ’ is 
used only in a special sens© namely, cementing tog©th«r 
of the partieles 



mm. 


STUDIES IN SOIL DISPEESION, III 
Table IV 

Effect of preliminary acid treatments 


P, C. 6 Soil leaolied with 3Sr/20 HGl till free from 

exchangeable bases . . . . , 33*8 

P. C. 6 Soil leached with lSr/20 HOI till free from 

exchangeable bases fiii*ther leached with 500 
ec.ofH/20HCl . . . . . . 34*2 

P. 0* 6 Soil leached with H/20 HCl till free from 
exchaingeable bases further leached with 1000 
CO, of INr/20 HOI . . . . . . 34*8 

P.C. 6 Soe leached with K/20 HCl till free from 
exchan able bases further leached with 500 cc. 
ofN/5 01 . . . . . , 34-4 

P.C. 6 Soil leached with N/20 HCl till free from 

exchangeable bases further leached with 1000 
cc, ofN/5HCl . . .... 33-7 

P.C, 6 Soil leached with ISr/20 HCl till free from 
exchangeable bases further leached with 500 
cc. ofN-HCi . . . . . , 33*5 

P.C. 6 Soil leached with N/20 HCl till free from 

exchangeable bases further leached with 1000 
cc.ofN.HCl . . . . , .32-4 

P.C. 13 Soil leached with N/20 HCl till freed 

from bases . . . . . . .60*1 

P.C. 13 Soil leached with N/20 HCl till freed from 
bases further leached with 500 c.o. of N/20 HCl 60*5 
P.C. 13 Soil leached with N/20 HCl till freed from 
bases further leached with 1000 cc . of N/20 HGl 61 • 5 

P,0. 13 Soil leached with N/20 HCl till freed from 

bases further leached with 500 cc. of N/5 HCl . 59*8 

P.C. 13 Soil leached with N/20 HCl till freed from 
bases further leached with 1000 cc. of N/5 HCl 58*7 
P.C. 13 Soil leached with N/20 HCl till freed from 
bases further leached with 500 cc. of N.HCl . 56*9 

P.C. 13 Soil leached with N/20 HCl till freed from 
bases further leached with 1000 cc. of N-HCl . 57 • 4 

P.C. 123 Soil leached with N/20 HOI till freed 
from bases . , . - . . . 85*5 

P.C, 123 Soil leached with N/20 HCl till freed 
from bases further leached with 500 cc. of N/20 
HCl . . . . . . . . 84‘6 

P.C. 123 Soil leached with N/20 HCl till freed 
from bases further leached with 1000 cc. of 
N/20 HCl . . . . . . . 83*8 

P.C. 123 Soil leached with N/20 HGl till freed 
from bases further leached with 500 cc. of N/5 
HCl . . . . . . . . 86-2 

P.C. 123 Soil leached with N/20 HCl till freed 
from bases further leached with 1000 cc. of N/5 
HCl . . . . . . , . 86*0 

P.C. 123 Soil leached with N/20 HCl till freed 
from bases further leached with 500 oc. of 

N-HCl . 80*1 

P.C. 123 Soil leached with N/20 HCl till freed 
from bases further leached with 1000 cc. of 
N-HCl 78*2 


Description of the sample 


Percentages of particles below various limiting diameter® m 


0*002 0*001 0-00063 0-00025 0*0001 0*00006 0*00004 


31*3 


28*2 23*4 


18*2 


18*2 


32*2 


29*8 24*5 


24 *9 


19*1 


32*4 


29*6 


32*1 


29*0 25*1 


18*5 


29*4 24*6 


32*2 


28*2 23*2 


31*2 


16*0 


26*6 23*6 


31*0 


52*5 49*0 


57*7 


41*5 


51*4 48*6 


56*0 


56*6 


52*2 49*2 


44*0 


56*2 


52*0 48*2 


41*4 


55*8 


50*8 46*2 


39*6 


54*8 


49*4 45*8 


49*2 45 


39*6 


55*1 


84*2 


74*4 62*5 


83*6 


74*0 49*4 


24*2 


82*0 


72*6 46*2 


22*2 


83*6 74*2 48*8 24*6 


91*0 72*0 48*6 26*2 


79*3 69*8 44*1 23-5 

75*3 63*8 42*6 23*0 


14*6 


14 - 2 “ 


14*6 


14-4 


12*6 


12*6 

27*2 

28*1 

27*8 

27*1 

26*6 

25*1 

25*5 

12*9 


11*6 


13*0 


12*0 


10*3 


10*1 


13*8 


m 
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Table V 

Effect of igniting P.CL IS A.T, soil to various temperatures 


Description of tlie. 
sample 


1. Air*ririocI sampio 

2. Heatoiito 100\!. 

3. Hcafced to 200%!. 

4. Heated to SOOTL 

5. Heated to lOfTC. 

6. Heated to 500'’ C. 

7. Heated to G00®0. 

8. Heated to 70()NA 

9. Heated to 800°C. 
10., Heated to 900°C. 


Table. VI 

Effect of heating P.C. 12S A.T, to various .temperatures 


Percentages of various linxitiiig diameters in mm. 


0-00 

0-02 

0*01 

0*005 

0-002 

1 

0-001 0-00063 

0*00025 

0*0001 

0-00006 

0-OOOC4 

90.* S 

82*8 

70*6 

63*6 

60*3 

57-7 ' 52*9 

■ 49*2 

41*0 

35*7 

27-2 

89*5 

82-9 

72 • 2 

05*0 

59*2 

56*7 : 54*4 

49*1 

43*2 

37*9 

28*2 ■ 

91*4 

S2-5 

73*5 

66*2 

61*2 

57*2 ; 54*2 

41*7 

27*2 

22*1 

19*2 

90*8 ! 

82*7 

72*8 

65*2 

57*5 

54*4 ■ 49*6 

36*5 

17*3 

16*0 

11*2 

61 -S 

41*4 

30 • 2 

24*5 

19*5 

18*2 * 16*4 

14*7 

13*5 ’ 

11*0 

19*5 . 

45 • 6 

26*2 

^ 19*1 

14*1 

11-2 

8*4 ' 7*6 

6*3 

4*8 

4*5 

3*1) 

45 • 5 

22-6 

1 16*4 

i 12*2 

8*5 

. 6*8 : 5*4 

5*5 

3*4 

2*9 

2*5 

41-0 ' 

21*2,' 

15*4 

10-B 

6*0 

5*4 ^ 5*0 ' 

4*2 ' 

2*8 

2*2 : 

1*7 

41.*() 

22*2 

14*7 : 

10*5 

6*5 

5*8 i 5*2 

2*.8' ! 

2*4 

1*0 - 

1*0 

40-5 j 

18*2 

11*9 i 

• 8*2 

1 

6*4 

r 4*2 : 3*2 

1*2 , 

i 

0*9 

! nil 

i 

nil 


Percentages of various limiting diameters in mm. 


Description of tlie 


sainple 

0*06 

0*02 

0*01 

■ 

0*005 

■ .... . 

0*002 

0*001 

0*00063 

0*00025 

0*0001 

0*000063 

0*00004 

1. Air-driod suinpie 
(No lieatiug) 

2. Heated lo foO'^’C. 

98-8 

93*2 

90*2 

89-3 

80 * 0 

81*5 

74*2 


25-8 

18*6 

12*4 

99*2 

91*2 

89*1 

86-4 

86-9 

81*6 

73*6 

50*8 

25 *,5 

18*3 

■■'■,1.2*8' 

3 . Heatocl to 200=C. 

99*0 

91*2 

89*6 

87*8 

86*6 

81*8 

75*0 

52*3 . 

22*0 

16*2 

11*9 

4. Heated to SOO^C. 

99*0 

92*5 

90*8 

1 90*0 

1 85*9 

. . 77*4 

70*0 

47*0 

20*5 

14*2 

10*5 

5. Heated to 400’C. 

97*0 

92*6 

90*4 

86*8 

1 80*9 

68*9 

54*5 

28*5 

16*8 

11*:2 I 

7*5 

0. Heated to SOOT’D. 

72 *'8 

1 52*8 

45*2 i 

39*2 

i 20*5 

26*6 

^21*6 i 

13*6 

10*5 

9*0 

' 7*0" 

7. Heated to OOO’C. 

61*2 

36*2 

29*1 1 

23*8 

17*8 

16*0 

12*6 i 

9*4 

6*6 

5*1 

4*6 

8. Heated to 700X'. 

52*4 

29*0 ! 

20*4 

16*2 

[ 9*5 

9*2 

5*8 

5*1 

4*1 

3*9 

3*2 

9. Heated to SOO'C. 

,48*1 

25*2 ^ 

17*1 

14*0 

1 7*8 

. 5*9 

3*8 

3*6 

3*5 

3•2^ 

2*6' , 

10. Heated to 900°C. 

45*6 

22*4 

14*8 

11*0 

! 4*8 

4*1 

3*6 

3*0 

2*6 

■ 2*2 

1*8 


. . Table VII ’ >' ' ■ 

BpecAfic surface of P. C, IS and J2S soils tvhen 
heated to different lernj.eraTv.res 


Tomperaturo 1<.) which heated 

specific surface in 
sq. cm. X 10^ 

, 

P.0.1 3A.T 

P.C. 123 A.T 

Air- dried . , • a • 

, 

87-5 

23-7 

100'’C 

38-2 

23-7 

200NJ 

26*6 

22-3 

300"C. ..... 

18*0 

20-3 

400Nj 

12*3 : 

15*2 

500^0. . . . 

'^■■^'4*9--,'-^ 

10*4 

600°€ 

3*3 

6-4 

700°C. . . : . 

2*4 

4*2 

SOO^C. . , i . 

1*8 

3*3 

ooo'^c. . . i. 

i 

0*6 

2*4 


DiSPEKSION of ignited soils at pK VALUES 
LOWER THAN 10-8 

It will be seen from Table V that samples of 
P. C. 13 (acid-treated) heated at lOO'^C., 200°C. 
and SOO'^C. when dispersed at pH 10*8 give almost 
identical values for clay percentage. In order 
to find out whether these samples will also dis- 
perse to, equal extents at pH levels lower than 
10*85 their 2 per cent suspensions ■were prepared 
and incrcavsing amounts of NT. NaOH were added 
after every 48 hours. After each addition the 
cylinders wure shaken by hand just for a couple 
of minutes and then kept aside for 48 hours, 
after which percentage of cla}^ ( 0*002 mm.) 
was determined by the Chaino-hydrometcr [Puri 
and Puri, 1939]. The result recordtxl in Table 
VIII show that at low pH* values ■ there is 
difference in clay percentage which decreases 
with the rise in pH value till it disappears at the 
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proper' Jevei' (10 *8). This beliavioiir may 
he expected since the aggregation of ultra- clay 
particles which, has been shown to' take place 
at and above would tend to ' inhibit dis- 

persion to a certain extent. But as soon.. . as 
of the siispen,sioii is raised to 10*8, the -dis- - 
crepancy i.ii dispersion, a^s measured on the basis 
of : convention a,.l clay, .disappears. This faot 
inciden.tl3r suggests the significance to ,a marked, 
degree, o.f bringing the jfH of the suspensions to 
,10'* 8 in order to get 'maximum dispersion [Puri 
and , Manohar Lai, 1938]. 

Effect of obindihg on dispeesion 

Grinding was one of the . earliest methods' of 
dispersion. In the present, experiments P.C. 13 
acid -treated soil was subjected to grinding in a 
pestle and mortar for different intervals of time 
varying from 15 min. to 12 hr. The ground 
material in, every case' was brought; .to j}H 10- S 
by the addition of NaOH and shaken overnight. 
The results of mechanical and ultra-mechanical 
analysis are recorded in Table IX. It is seen , 
that silt and clay particles are considerably 
affected by grinding while the ultra-clay fractio.ns 
up to 0-00025 mm. undergo only slight increase 


a-,nd ' fractions 'liner than reiiit.i-in |iract,i,caliy 
imchanged. ' ' ■ 

'table ^TII 

Dis-persio7h of P.C. 13 A.T. hmia! /o dijfcreri! 

: iemp&'idures on the gradiad oddifion of iHcreasing 
amminls of NaOH 


[Percentage of clay' (<0 - (;'l'02 mm.) at various, t©mp6:ra - 
tiires] 


Quantity of N. NaOH. 
added to 12 gm. of 
soil (per cent sus- 
pension) 

100”€. 

200‘’C. 

3(.Hf 0. 

0‘0c.c. . 

4-4 

' 2*6, 

2-0 ' 

3-Oc.c. . 

4*S 

3*0 

"2-4 

6-Oc.c. . 

4-8 

2‘S 

3*0 

9 • 0 c.c. . 

9'4 

0*8 

3*2 

12*0 c.c. . 

15-0 

1 11-2 i 

4-0 

15-O.c.c.. 

22-6 

* 19-7 j 

10-5 

18-0 (pH 10-8) 

39*2 

^ 38-4 1 

35-9 

21*0 c.c. . . • 

55-6 

56*0 i 

56-2 

24*0 c.c. * 

63-2 

i 6,2-2. i 

62-0 

27-Oc.c. . 

'63*2 

61*6 , 

64-1 

30-0 c.c. . 

63-6 

62*3' 

64-1 

33*0 c.c. . . 

63-8 

63-4 

64-5 

3&-0C.C. . 

64-6 

^ 65-2' 

64-9 


E IX 


Effect of grinding on mechanical a7id ultra-mechanical analysis 

(P.C. 13 A.T.) 


Percentages of various liiniting diameters in iiim. 


grinding 

0*06 

0*02 

' 0*01 

0*005 

0-002 

0*001 

0*00063 

0*00025 

O-OOOl 

:0* 000063 

0- 00004 

' . 

0 min. 

.85*5 

82*2 

' 72-5 

65*0 

60-S 

56*0 

52*5 

48*0 

43 *8' 

37 -A 

27*2 

15. min',. , • 

90*5 

85*1 

„:74*2 

69*2 

63-6 

60*4 

53-9 

52*7 

44-3 

■39-9 

27*9."' 

30 rnin. 

' ,'94,*1' 

80*2 

78*5 

70*8 

65*2 

61*6 

57*3 

53*3 

43*9 

35-8 

.28*3 

1 hour 

',,,95 *'5'"" 

91*5 

! 80*4 

71*4 

67*8 

62*8 

56*5 

I' ■ 52*8 

42-8 : 

37-2 

28-6 

'3' hours, ... 

96*0 

,' 94 *2^' 

[' . S5*5 

76*0 

, 74*5 

63*8 

; 60*3 1 

54*5 

.'41-4 

' 34-,8 ■' 

29-1 

6 hours 

96*0 

' 94*8 

92*8 

80*2 

76-9 

67*5 

: 59*3 1 

54*6 

42-7 

'.36-2 

27*0 

1 2 hours 

99*2 

: 96*8 

94*0 

86*5 

81*6 

69*2 

' 59*5 ' i 

55-0 

42-5 

36-6 

26*8 


Table X 


tdpec/ifk surface, base cxcha/aje capacity and 
ammonia ahsorption of P.C. Jo A.T. soil after 
grindimj for various intervals of time 


Time of grinding 

Spocifii*. 
surface in 
sq. cm. 

X bp 

Base ex- 
cliango 
capachy 
(milii. 
oquiva- 
ionts per 
100 gm. of 
soil) 

Ammonia 
absorption 
(in. oqui- 
vadents 
per 1 00 
gm. of soil) 

0 . . 1 

37-5 

42-3 ■ 

30*5 

15 mill. . . i 

38-1 

43*1 

34*5 

„„304'niii. i 

«i 8 * 9 i 

43-3 

36*2 

1 .liour . . 

3S-7 

43*6 ■ 

30*2 

3 hours 

38*7 

44*6 

41*0 

6 hours 

3S*S 

46*2 

41*9 

labours . . ' 

38*8 




The values for specific surface are given in 
Ta-ble X. There is .little or no change in surface 
as this depends to a marked extent on the ultra- 
clay fractions. There is, however, appreciable 
increase in the ammonia absorption and some 
sliglit increase in the base exchange capacity 
(Table X). This is probably due to the fact lliat 
as coarser fractions are broken down to finer 
o.ue-s, fresh surface are expovsed loadiiig to an 
increase in base exchange properties. 
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(A) VARIATION DUE TO IRRIGATION 
Ik the development of the cotton fibre there 
exist two distinct stages (1) the lengthening 
phase and (2) the thickening phase. The former 
covers approximately the first half of the matura- 
tion period of the boll and the latter the other half. 
According to Balls [1930] and others, if during any 
of these stages a deficiency in the water supply is 
experienced, the fibres will get either shorter or less 
thickened according to the occurrence of the water 
shortage in the lengthening or thickening stages. 
Hence on a priori considerations it appears as if the 
differences in the water given in the form of irriga- 
tion should influence the length, the uniformity of 
length and the maturity of the fibre. An attempt 
to study this effect is made in the present work. 
Recently, Ayyar, Ahmad and Thirumalachari 
[1940] have shown that considerable differences 
are effected in the yield of cotton hj differential 
irrigation. Its influence on the spimiing value and 
the fibre properties, however, is not found to be 
large. 

Material and methods 

In this study two sets of experiments have been 
considered on the cotton Co2 {0. hirmtum), the 
first being a field experiment in random replicated 
plots and the second one a pot- culture experiment. 
In the field experiment four types of irrigation were 
given, (i) once a week, (ii) once in two weeks, 
(iii) once in three weeks> and (iv) no irrigation. In 
each irrigational treatment three spacings, 4 in. 
between plants, 9 in., and broadcast sowing were 
tried. Two such series were studied in the present 
fQvestigation. 

♦Part of a thesis approved for the award of D.Sc, degree 
by the XJnivergity of Madras 


The pot-cultnre experiment was conducted by 
Mr N.C. Thirumalachari, to whom thanks are due 
for the samples. Five replications have been 
examined for each of the following five treatments : 
(i) 30 per cent water for first five fortnights, 35 per 
cent for next four fortnights and 20 per cent after- 
wards ; (ii) 30 per cent for first nine fortnights, and 
20 per cent afterwards ; (iii) 25 per cent for two 
fortnights, 35 per cent for seven fortnights and 20 
per cent afterwards ; (iv) 25 per cent for two fort- 
nights, 35 per cent for five fortnights and 20 per 
cent afterwards ; (v) 25 per cent for first two 
fortnights, 35 per cent for three fortnights and 20 
per cent afterwards. 

In the first investigation the fibre properties 
studied are the fibre length, uniformity of length 
and fibre maturity. The uniformity of length was 
assessed by the coefficient of variation of the Bails 
sorter length- distribution. In order that this may 
be ascertained more accurately the group -length 
interval was made finer, 1/16 in. in place of the 
usual 1/8 in. In the pot-culture experiment, be- 
sides the above-mentioned properties, the fibre 
weight was also determined. The maturity was 
determined by examining five tufts of about 100 
fibres each while in the previous case 10 such tufts 
were tested. The analysis of variance for the 
maturity percentages was made using *the inverse 
sine transformation. 

The results from the two experiments are con- 
sidered together. 

Results 

The mean values obtained are given in Table I 
and the individual results along with the analysis 
of variance are recorded in TaWes II to V. 





MEAS,U:EEABLE CHAEAGTEBS'OF cotton FIBllS/TIl 


(a) Mean 'fibre length 

In both the experiments the variance cliie to 
variations in the . water supplied to the plants is 
non-significant (Table II). But in both of them 
the last treatment, which corresponds to the lowest 
amount of water given, records the lowest mean 
fibre length, though according to the statistical 
analysis the decrease is not significant. This treat- 
ment in the pot-culture experiment corresponds to 
20 per cent water after the first five fortnights. As 
the lengthening phase of the fibres occurs during 
this period, the results may be taken as an indica- 
tion that probably 20 per cent water is not suffi- 
cient to det^elop the fibres to the optimum length. 
Ayyar, et ah [1940] have also found that the influ- 
ence of differential irrigation on fibre length is small 


in a similar set, of samples. Afeai .and Ahmad 
[1942] find a small improvement of . length with „ 
more irrigation water in the ca>e of P. A. 41^. 

A comparison of the residual errors in the two 
experiments shows that it is considerably more in 
the pot-culture experiment, indicating the higher 
variability exhibited by this kind of work. 

(b) Uniformity of fibre length 

As it is not valid to analyse the results for the 
coefficient of variation by the method of variance, 
the mean values alone may be considered. It will 
be seen that in the field experiment no-irrigation 
treatment exhibits a higher coefficient of variation 
of length. In the pot-culture experiment, on th@ 
other hand, there appears to be no definite trend 
in relation to the quantity of water given. 


Table I 

Variation with irrigation 

(Mean of 6 values in Expt. 1 and of 5 values in Expt. 2) 


1 - - 

\ ■ 

Property 

! . ' ! 

! Expt. 


Treatments 




i No. 

i ■ I ' 

I , 

1 . ■ ; 

II 

i III ! 

i 1 

IV 

V ; 

Mean length (in.) . . . . . . 

1 1 0-94 

0*92 

'■ ■ 0-92 ‘ 

0-90 



j 2 0-90 

0-91 

0-90 ; 

0*91 

! , .0*84: 

Coefficient of variation of length (per cent) . ! 

1 21-4 

22-3 

22-3 1 

23*6 



2 20-7 

18*9 

21-9 i 

20-9 

19*8 

Fibre weight per cm. 10 ^ ® gm. . . 

*2 *i-70 

’i*76 

' ! 

’i*69 

■’i-67 

’i*79 

Mature fibres per cent 

1 52 

52 ^ 

52 , 1 

48 . 1 

I ■ 

t ■ • . . ' 1 

2 j 62 

67 

63 

62' 


Immature fibres per cent . . . 

1 1 16 

. 19" ' ! 

18 . - t 

: 20. . 1 


1 " ' 

2 

13 

17 , j 

16 "'.I 

II 


(c) Fibre weight per cm. 

These results have been obtained for the pot-cul- 
ture experiment only. 

They show that the variance due to treatments 
is non-significant (Table IV). The differences bet- 
ween the mean values are also small, showing that 
the range of water supply dealt with in the present 
enquiry has induced no differential effect on the 
fibre weight. Ayyar, et ah [1940] find smaU im- 
provement in fibre w’eight with increase of irrigation 
water, but Afzal and Ahmad [1942] find no signifi- 
cant effect in the case of P. A. 4P. 

{d) Fibre maturity 

In both the experiments the variation due to 
change in water supplied is not significant (Table 
V), indicating that the fibre maturity remains 


unaffected in the present case. Ayyar, et ah [1940], 
however, observe slight improvement of maturity 
with better water supply. Gulati [1941]^ finds an 
improvement of maturity with greater irrigation 
in the later sowings and no effect in the earlier sow- 
ings. Afzal and Ahmad [1942] find that P. A. 4F. 
showed a tendency for the improvement of fibre 
maturity with increase of water supplied. 

COITCLXJSIONS 

Prom the foregoing it appears that in the present 
set of samples, 

(1) the lowest supply of water probably tends 
to reduce the mean fibre length to a small 
extent, though it is not statistically signi- 
ficant ; 
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(2) fcho uniformity of fibre length appears to _ 

be less in plots with no irrigation m the t 
field experiment ; in the pot-c^toe ex- ^ 
periment no definite trend is indicated ; I j 

(3) hardly any variation is effected in the 

fibre weight ; and 

(i) no variation is caused in the fibre maturity 

Table II 
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Campbell, ef al. [1941], who studied a number o^ 

Upland cottons grown nnder rain-fed and irrigated 
conditions, sumnp by stating that on the whole it 
appears that any superiority of rain-grown cotton 
is chiefly connected with cleanliness ; these cottons 
are less wasty and the yarns and fabrics are less 
neppy. 


Mean fibre length in inch 


Treatment — > 
Particulars ^ 

I 

■ 

II 

III 

IV 

V 

Fi®ld Expt. 4 in. 1 

9 in. 1 

■ ■ 2 ' 

Broadcast 1 

.. 2 

Mean 

0-95 

0-89 

0-92 

0-97 

0-94 

0-94 

0-936 

0-91 

0*98 

0-96 

0*89 

0-90 

0-91 

0-922 

0-89 

0-96 

0-92 

0-97 

1 0-92 
0-92 
0-919 

0-92 

0-93 

0-89 

0-91 

0-88 

0-91 

1 0-902 

1 

Pot-«ulture Expt. 1 

; "'2 
■''3 

4 

■ . ■ 5; 

Mean 

I 0-95 

I 0-92 
; 0-87 

I 0-94 

1 0-83 
■ 0*902 

0-93 

0-86 

0-86 

0-96 

0-94 

0-910 

0-96 

0-90 

0-82 

0-96 

0-86 

0*896 

0*93 
0*90 
0-87 
0*93 
0-90 1 
• 0-906 1 

0-79 

0-72 

0-87 

0-88 

0-82 

'o-sse 


Analysiri of variance 


D. F. .S. S..; 


Total . . . 

Irrigation and 
no irrigation 
Irrigations 
Spacings 
Series 


Total. 

Between treat- 
ments 

Within treat- 
ments 


0-01793 

0-00222 

0-00041 

0-00083 

0-00135 

0-01312 


0-06900 

0-01876 


0-00222 

0-00020 

0-00042 

0-00135 

0-000772 


0-00469 


0-04024 0-002012 


Table III 

Coefficient of variation of fibre length (per cent) 


Treatments — > 
Particulars ^ 


Field Expt. 


Broadcast 


Pot-culture Expt. . . • B©P- t 

3 

4 

5 

Mean 


(B) VARIATION DUE TO SPACING 

Three hands of spacings 4 in., 9 in. and broadcast 
sowing were tried for the cotton Co2 in each of the 
four irrigational treatments as already stated. 
The mean values for the spacings are recorded in 
Table VI. 






II 

III 

IV 

V 

22-5 

24-0 

23-0 


20-7 

22-2 

22-2 


21-2 

22-4 

25*3 


23*3 

22-2 

22-7 


23-3 

21-7 

25-3 ■ 


22-6 

i ■21-4 

23-1 


22-27 

1, ■22-32 

23 -60 

"■ 

19-1 i 

' :■ , 21 - 2 : ' 

22-3 

l:8.6r 

■ 17-1 . i 

' ■' ' 22 -1 

20-2 

20*7 

20-5 . 

21-7 

'■■■ : ■■20-5'-'":"' 

21-0 

18*1 

20-9 

20*9 

19-7 

19-7 1 

23-4 

20-5 

18-9 

18-90 

21-86 

20-88 

19*78 


It will be seen that none of the properties, mean 
length, coeifieient of variation of length or matu- 
rity indicate any variation. The variances are non- 
significant and the spacings considered in the experi- 
ment have produced no effect on the fibre properties 
studied. Ayyar, et al. [1940] have also observed 
no effect of the spacing in a similar set of samples. 


IB# 


MBASUREABLE CHARACTERS OP COTTON FIBRES, VII 
Table IV 

Fibrt might per cm. in 10’^ gm. 



,I 

II 

III 



Analysis of variance 

Eeplieations 

lY 

V 

Due to 

D. F. 

j ' g. s. 

M.S. 

' 1 ■ 

1*71 

1*93 

1*79 

1*45 

1*75 

Total 


24 

! 0- 52700 


■: 2 ' ■ 

1*66 ! 

1*76 

1* 87 

1 1*64 ' 

1*63 

Between 

treat- 

4 

! 0-04898 

0 *01224 

■ ■ 3 

1*74 

1*79 

1*80 

1 1*65 I 

1*69 

ments 





: 4. 

1*64 

1 1*71 

1*31 

1*69 

1*86 

Within 

treat- 

20 

i 0*47802 

0*02390 

5 

1*73 

1 1*62 

1*66 

1 1*93 1 

2*00 

ments 



i 


Mean 

1*698 

i 1*762 

1*690 

‘ 1*672 ‘ 

' 1 • 786 




J 



Table V 

Fibre maturity per cent 


Treatments— > 
Particulars ^ 

I 

II 

III 

IV 

V, ; 

i 

Mature fibres 4 in.l 

59*0 

60*3 

50*6 

51-8 


2 

45*9 

62*1 

52*9 

44-7 


Field Expt. 9 in. 1 

42*5 

53*7 

49*6 

42*2 


, , . ■ . 2 

59*1 

36*0 

57*3 

48*1 


Broadcast 1 

49*2 

49*6 

49*3 

43*1 


2 

55*3 

59*2 

52*6 

55-1 


Mean 

51*8 

51*8 

52*0 

47-5 


Mature fibres 1 

65 

73 

63 

51 

71 

2 

61 

64 

77 

59 

74 

Pot-culture Expt. 3 

57 

68 

60 

63 

74 

■ ' ' 4 

61 

68 

51 

61 

74 

' 5 

65 

68 

62 

76 

71 

Mean 

61*8 

66*2 

62*6 

61-8 

72-8 ; 

Immature 

fibres 4 in. 1 

11*9 

19-7 

22*4 

1 

17*7 


■, 2' . 

17*0 

12-3 

i 

16*7 

1 ■ ■■ 

21*4 

* * ; 

Field Expt. 9 in. 1 

: 27*1 

19*8 1 

17*4 

21*5 

. . 

2 

10*7 

33*3 

14*2 

20*7 I 


Broadcast 1 

16*0 

17*3 

22*2 

22*5 


2 

13*3 

13*5 

16*0 , 

14*6 

. . 

Mean 

16*0 

19*3 ! 

18*0 

19*8 

• • 

Immature fibres 1 

: 15* 

9 I 


23 

13 

Pot-culture Expt. 2 

17 

16 

9 

21 

11 

3 

16 

15' ■„ ! 

22 

14 

9 

4 

12 

12 ■ 

24 

IS 

13 

5 " 

! 13 

11 i 

1 17 

10 

11 

Mean 

14*6 

12*6 ' 

■ I7-0\ 

16*2 

11*4 


Analysis of variance 
(after inverse sine transformation) 


Due to 


; Total 

I Irrigation and 
I no irrigation 
i Irrigations 
Spacinga 
, liesidiial 


317*120 I 
28*502 .! 


M, S. 
28*502 


0*213 

22*501 

265*904 


0*106 

11*250 

14*772 


Between treat- 
ments 


Within treat- 20 
ments 


463*542 j 

161*026 1 40*256 


302*516 15*126 

328*898 


Irrigation and 


11*680 11*680 


21*278 10*630 
31*365 15*688 
264*575 14*699 


Between treat- 4 
ments 

Within treat- 20 

ments 


282*926 

67*438 

215*488' 


16-860 

10*774 


Table VI 


Property 


Mean length (in.) 

Coefficient of variation of length (per cent) 


Mature fibres per cent 
Immature fibres per cent 


j^Expt* 


4 in. 

9 in. 

Broad- 
cast ■ 

.0*93 

0*93 

0*92 

22*4 

22*4 

22*4 

52*1 

i 48*6 

5M 

(6 in.) 

i (9 in.) 

(12 in.) 

90*6 

89*9 

90*5 

17*2 

I 20*6 

17*0 

(6 m.) 

! (9 in.) 

1 (12 m.) 

4*5 

! 5*0 

' 5*0 


(15 m.) 
87*0 


(18 in.) 
86*6 


(15 m.) 
6*4 


(18 in.) 
6*3 




I 

I 


I 
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The results for the fibre maturity in another 
study may be considered here. The individual 
results are recorded in Table VII. For the cotton 
Kpt. 1 five spacings were given with four replica- 
tions for each spacing. The spacings were 18, 15, 
12, 9 and 6 in. 


It will be seen that the variations are non-signi- 
ficant, indicating that the different spacings used 
have no effect on fibre maturity. Gulati [1941] 
has found some improvement of maturity in double 
spacing as against single spacing. 


Table VII 

Fibre maturity in dijferent spacings per cent (Kpt. 1) 


Immature 


Summing Up it may be stated that none of the 
different spacings considered in the present study 
have caused any change in the fibre length, uni- 
formity of length or fibre maturity. 
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1 8 in. 

15 in. 

12 in. 

9 in. 

• 

6 in. 

Analysis of variance 
(after inverse sine transformation) 




■ 


Due to 

D. E. S.S. M.S. 

81-3 

79*3 

91*8 

90*1 

92*0 

Total 


19 l(58-378 

90*5 

90*4 

90*5 

86*0 

89*4 




90*6 1 

88*5 : 

89*1 

1 92*3 

90*6 

Between 

treat- 

3 43*546 14* 5U 




f 


menta 



84*2 

j 89*7 

90*5 

91*2 

90*3 

Within 

treat- 

16 124*832 7*796 

86*6 1 

87*0 

: 90*5 

89*9 

90*6 

ments 



6*5 1 

9*5 

i 4*2 1 

4*4 

3*4 

Total 


19 68-308 .. 

4*3 

5*0 

! 4*8 

7*0 

5*5 

Between 

treat- 

3 16-118 5-373 

6*1 

5*4 

! 5*9 

4*0 

4*2 

ments 



9*3 
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1 5*0 

4*6 

4*9 
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6*3 
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5*0 

4*5 
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A NEW METHOD FOR THE ESTIMATION OF SILT AND CLAY IN SOILS 

THE BUOYANCY TECHNQIUE* 

By Miss G. .Shaeada Bai, K. S. Gttbueaja Uossf and Baseub Sanjiva Rao;!: 

(Received for publication on 1 March 1944) 

(With one text-figure) 

The hydrometer technique in the mechanical means of a special hydrometer, after a definite 
analysis of soils was first introduced by Bouyoueos interval of time. This method has, however, 
[1927]. In this method the estimation of soil many defects as is apparent from the following 
coUoids is carried out by dispersing the soil and statement of Keen [1928] : “ Hence in physical 
finding out the density of the soil suspension by terms, the hydrometer technique consists in 
""♦Part of thasis submitted by Miss G. Sharada Ba^ measuring at an arbitrary time the average density 
in partial Mfilment for the degree of Master of Science of a layer of suspension several cm. in length, 
of the University of Mysore whose density is contiiniallv changing with depth 


^‘‘Parfc of thad.s submitted by Miss G. Sharada Ba^ 
in partial fulfilment for the degree of Master of Science 
of the University of Mysore 

fPhysical Chemist, Imperial Institute of Sugar Tec4i- 
nology, Cawnpore 

JHead of the Department of Chemistry, Central Cdllege, 
Bangalore ^ 


and time. The statement that the method is 
‘ essentially qualitative ' is not a matter of opinion 
but of fact.” 
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SILT AND, CLAY IN S0ILS--TH1 ' BUOYANCY .■TECHNIQITS 


Some of tliese objections Lave been overcome 
by Puri [1932] in a new type of hydrometer. 
Becently, Puri [1939] has described another ins- 
trument ‘ the chaino-hydrometer ’ which prac- 
tically removes all the objections against the 
hydrometer technique. The only source of error 
that may creep in is that the density gradient 
around the hydrometer bulb in the sedimenting 
column may not be uniform. By extensive 
empirical investigations, Puri has shown that the 
error from this source is inappreciable in most 
oases. 

The chaino-hydrometer is, however, difficult 
to construct and the stem of the hydrometer can- 
not be made quite thin as it has to support a 
jframe carrying the chain. The buoyancy tech- 
nique described in the present paper is a logical 
development of the chaino-hydrometer, and yields 
more accurate results. A few soils have been 
investigated and the results obtained have been 
oompared with those given by the pipette method. 

Experimental 

The international A method was employed for 
dispersing the soils. . The soil was treated in 100 
gm. lots and a large stock of the suspension pre- 
pared to avoid errors in sampling. 

It was found that the soil suspension, on ageing, 
developed compound particles which were not 
broken up by the simple process of inverting the 
jar containing the suspension repeatedly for one 
minute. It was found that a preliminary shaking 
for 5 min. on a mechanical shaker was highly help- 
ful in giving reproducible results. Each sus- 
pension was given this treatment prior to the 
determination of silt and clay. 

The buoyancy technique 

A cylindrical glass bulb was suspended in a 
sedimenting column of the soil suspension so that 
the centre of buoyancy of the bulb was kept at 
10 cm. below the surface of the sedimenting co- 
lumn, After an interval of i min. and 10 sec. 
(corresponding to 26®C.), the apparent loss in 
weight of the bulb was determined by using 
the new type of continuous reading balance 
devised by Venkatachala, Doss and Rao"**. A 
diagrammatic sketch of the instrument is given in 
Fig. 1. A balance (sensitiveness 1 mg.) had hooks 
B and C attached to the underside of the two scale 
pans. The buoyancy bulb A was suspended from 
the hook B by means of a fine nichrome wire 
which passed through a hole in the stand on which 
the balance was mounted. From the other hook 
C, was similarly suspended a glass rod- D, (of 
uniform diameter) dipping in xylene kept in a 
U-tiibe. A side tube E attached to one of the 
limbs of the IJ-tube carried a. millimeter scale on 

’•'Unpublished 


niikrt, 






Fig. 1. Continuous reading balance (buoyancy principle) 

which the level of xylene could be read. This 
device eliminated the use of weights smaller than 
0 • 2 gm. in weighing. To counterpoise the buoyan- 
cy bulb, weights up to 0*2 gm. were placed in the 
scale pan F and the fmai adjustment was made by 
altering the level of xylene in the UYiibe, by suc- 
tion through G. Movements of the pointer of the 
balance were viewed through a lens attached to 
the baltince. The diameter of the glass rod was 
such as to give an accuracy of 2 mg, which was 
quite adequate for present purposes. Weighings 
could be carried out very rapidly using this 
instrument. 

, ^ Determination of the centre of bitoyancyV 

The following method was adopted, to find ou^ 
approximately the centre of buoyancy. The 
buoyancy buib was completely immersed in water 
kept in a narrow measuring jar and the volume 
of water displaced was noticed (Fa-Fj c.c.). The 
bulb was, then raised imtil the level came up to 

Hill— A. -- where E is the radius of the cylin- 

2 pg • 

der, T is the surface tension of water, is the den- 
sity of water and g is the acceleration due to gra- 
vity. The position of the meniscus was noted 
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{ZiCM-) l>y means of a scale. Water was then 
removed from the jar by suction until the water 
surface just touched the bulb. The new position 
of the m(;niscus N\ as noticed (Zacm.). The centre of 
buoyancy was Irh cm.— above the tip of the bulb. 
This approximate method was adequate for most 
purposes. 

To determine accurately the centre of buoyancy, 
the bull) A was counterpoised and the weight 
noted. Tiie pans were then supported on wooden 
wedges so as to maintain the pointer at zero. 
A wid(^ jar H containing distilled water (kept on a 
rising table stand), was placed under the bulb 
and adjusted till the bulb was completely immers- 
ed. The pan supports were then removed and 
the bulb again counterpoised (weight Wz)- A 

weight equal to-— ^ — - — was then added 

on to the right hand pan. The jar was then 
lowered until there was equilibrium. The surface 
of water in the Jar would now be at the centre of 
buoyancy of the bulb. The distance between 
this surfoee of water and the bottom tip of the 
bulb A was measured by means of a cathetometer. 


Wt. of soil (silt 
or clay) in gm. 
per 100 c.c. 
of suspension 


loss of wt. loss of wt. 
under soil — under disper- 
suspvOiision sion medium , Density 

— — 'X,.:' '■■nf" 

loss of wt. under ^ 0’ 006269 water 


To find out the amount of clay, the buoyancy 
was determined after 7 hr. of sedimentation at 
26°C. at a depth of 10 cm. Four soils %¥ere exa- 
mined for their silt and clay contents by (a) 
the pipette metliod and (h) the buoyancy tech- 
nique. The results are given in Tables I and II. 



Table I 

Silt Clay in 100 gm, of soil 

Buoyancy technique 


Pipette method 


Bulb i 


Bulb 2 


No. of 
the soil 

r ' ,',i 

t Average ' 
1 of five 
jcletermina- 
1 tions 

Average 

error 

■| 

Average 
of five 
detormma- 
tions — 
Depth 

10 cm. 

Average 

error 

Average 
of five 
determina- 
tions— 
Depth 
12*5 cm. 

1 1 

'31-8 ■ 

0*6 

32*7 ■! 

0^05 

32*9 

■ '2 ' 

. 25-2 

0*1* 

27*2 : i 

f 0*07 

1 25*4 

r 3 

49*3 

0*7 , 

■49*3 i 

1 0*09 

{ 49*9 

4 j 

29-1- ! 

1 

0*6 

31*7 . 

0*05 

29*1 


Average 
of five 


Average 
of five 


tions — 
Depth 
10 cm. 


tions — 
Depth 
10 cm. 


33-3 I 0-01 


49*1 0-03 


*This low error is unusual 

Soils 1 and 2 wore ‘ red soils ’ from the Government Agricultural Farm, Hebbal, (Bangalore) 

Soils 3 and 4 were ' black eottoa ’ soils from tho Government Exx^orimental Farm, Hiriyur (Mysore State) 


Table II 

Amount of clay in 100 gm, of soil 


Discitssiok 


iSfo. of the soil 


Pipotte 

method 


Buoyancy 

method 


An examination of Table I shows that the aver- 
age error in the buoyancy measurements by the 
present technique is hardly 0*1 per cent in the 
value of the percentage of silt and e.la3^ The 
pipette method, however, has an average error of 
0*7 per cent. The differences in values obtained, 
when bulbs of different sizes are employed, are 
presumably due to non-uniformity in density 
gradients existing in the suspensions examined. 
These differences are rather high but are still 


1 


A ■ millimetre scale can be used in place of the 
cathetometer and is quite ASiifiicieiit ' for , most 
purposes ^ < 

The results obtained by the graphical method of 
Puri [1939] and the iiietliods herein described 
have been in close agreement. Both , the new 
methods described above are simple,, and,,, qiiiek. 
They ca.n, moreover, be, used with a, bulb.' wliicli is 
not symmetrical about the vertical axis while such 
symmetry is essential for the graphical method. 
The silt and clay contents have been calculated 
using the formula ; 
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of tlie same order as tHe errors in sainpimg. The 
bnoyano}^ technique can therefore he conveniently 
employed for mechanical analysis, in place of the 
rather laborious pipette method especially when 
quickness and moderate accuracy are aimed at. 
The buoyancy method is more accurate than the" 
hydrometer technique. Theoretically, the former 
technique corresponds to a chaino -hydrometer 
with an exceedingly fine stem. The buoyancy 
bulbs are easily constructed and the experimental 
outfit can be readily assembled. 

Use oe tub Bxjoyancy technique to obtain 

COMPLETE SUMMATION CURVES 

It is of interest to consider whether the buoyancy 
bulb can be employed to get the complete summa- 
tion curve. A detailed theoretical consideration 
shows that a short cylinder with a flat bottom 
suspehded in a suspension is exactly equivalent to 
a sedimentation pan placed at the level of the 
bottom of the cylinder, when one takes into ac- 
count the combined effect of settling of the particles 
(a) around the cylinder which would affect the 
buoyancy and (b) on thS top of the cylinder which 
would affect the weight of the cylinder. The 
sedimentation curve can, therefore, be obtained 
as ' in the' sedimentation balance. But, the 
buoyancy bulb has no special advantage over the 
sedimentation balance. 

A PRECISION BUOYANCY TECHNIQUE 

Tt is of interest to consider the best conditions, 
under which the buoyancy technique would yield 
correct results. Let ub consider a cylinder placed 
in a liquid column of varying density. It is well 
known that the buoyancy sufeyed by the cylinder 
is in no way dependent on the density of fluid 
above the top of the bulb or below the bottom of 
the bulb. It is entirely determined by the density 
of the liquid surrounding the bulb. On the basis 
of this idea, it is easy to see that the ideal conditions 
for the buoyancy technique are the following : 

A flat cylinder is immersed into the sedimenting 
column at the appropriate time so that the centre 
of the cylindrical bulb is at the level at which the 
density of the suspension is to he measured. The 
suspension is to be contained in the jar which is 
just 0 • 5 cm. to 1cm. wider than the diameter of the 
cylindrical bulb. The introduction of the cylinder 
stirs up the upper portions of the sedimenting 
column but this does not matter in the least, as 
already pointed out. When the centre of the bulb 
occupies the proper level, the liquid surrounding 
the bulb is contributed by a thin layer around 
the level, corresponding to the centre of buoyancy 
of the, bulb. Thus we get the average density 
of a thin layer of the suspension at the appropriate 
depth. This is what is aimed at by the pipette 


technique but is rarely achieved due to stream 
line effects. In this respect this modified buoyancy 
technique presumably surpasses even the pipette 
technique in precision. 

There is no difficulty experimental or theoretical 
in adopting this technique for the determination 
of clay. In the determination of silt and clay, 
however, the particles settling over the cylinder 
may interfere. This difficulty can be overcome by 
introducing the buoyancy bulbs Just at the ap- 
propriate time and taking a few measurements at 
intervals of 2 min. and extrapolating the value for 
zero time (i.e. the time of introduction of the 
bulb). 

If a high degree of precision is not aimed at, a 
narrow cylindrical bulb in a wide jar is more 
convenient than a flat cylinder in a narrow jar. 

Correct conditions for the determination 

OF SILT+CLAY AND CLAY USING BUOYOUCDS’ 
HYDROMETER 

An examination of the Bouyoucos' hydrometer 
has revealed to us that the markings on the hydro- 
meter, though empirical as claimed by the maker, 
correspond exactly to the densities of the soil 
suspensions having the corresponding concentra- 
tions of soil. But in order that the Buoyoueos’ 
hydrometer may be employed for the determina- 
tions of silt and clay the following procedure is to 
be adopted. 

Let the position of the centre of buoyancy of the 
hydrometer be found out by the method described 
in this paper. Let the vertical distance between 
the centre of buoyancy and the zero of the hydro- 
meter be cm. If the hydrometer is lowered into 
the jar (supplied with it) containing water until it 
is immersed up to the centre of buoyancy let the 
displacement of the level of the water he I 2 
If fj minutes is the time corresponding to a height 
of 10 cm. for the determination of clay (or silt 
plus clay), calculate the value of 1^2 ^7 equa- 
tion 

# _ ^1+^2 v- i 

The suspension is now put into the jar up to the 
mark. Sedimentation is allowed to occur after 
shaking the suspension. At the end of — 1) 
minutes the hydrometer is introduced into the 
suspension, so that it floats freely. The suspension 
is sucked off from the top into a wash bottle by 
means of a filter pump until the zero of the hydro- 
meter is at the same level as the mark on the jar 
(i.e. the former level of the suspension). The 
hydrometer reading is noted at minutes. ^ It 
gives directly the number of grams of soil per litre 
of the suspension. A correction may he applied 
for the value got hy putting the hydrometer in the 
medium in which the soil is dispersed. 







230 


THE INDIAN JOURNAL OF 


The timings and procedure given by Bouyoucos 
are theoretically not justifiable. The above 
procedure removes most of the errors of the 
Bouyoucos’ hydrometer technique. The only 
error which remains over is that the position of the 
centre of buoyancy depends upon the extent to 
which the hydrometer gets immersed while 
floating in the suspension. The error introduced 
on this score is, however, within the limits ot ac- 
curacy of the instrument. 
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SOME FUNGI FROM ASSAM, I 

By S. Chowdhtjey, Plant Pathological Laboratory, Sylhet, Assam 

(Beceived for publication on 4 December 1943) 

In the course of the past two years the writtr 1943 and kept m the 
was able to collect a few parasitic fungi occurrir^ 
both on cultivated and wild plants in some parts 
of Assam. Even though fungi were collected in 
the Kbasi Hills by Hooker and Thompson early 
in the nineteenth century and by Butler and 
Subramaniam between the years 1910-15, a sj^- 
tematic collection of fungi in Assam has yet to be 
made. The nature of the country with its dense 
forests and heavy rainfall indicates, however, that 
there may be many species as yet unrewrd^ tor 
India and new to science. A beginningLas there- 
fore been made in collecting and identifying thein 
as opportunities permit. The collections listed 
below were identified in the Herb. Crypt. Ind. 

Orient, of the Imperial Agricultural Research 
Institute, New Delhi. 

I. Phycomycetes 
Oomucetes 


iuuro aiiu ... Herb. Crypt. Ind. Orient. 

and in the Herbarium of the Plant Pathological 

Laboratory, Sylhet. 

P. Dastiir 

On the leaves and stems of Pipe^- Beth L 
Throughout the district of Sylhet. Collected on 
7 May, 1942 and kept in the Herb. Crypt. Ind. 
Orient, and in the Herbarium of the Plant Patho- 
logical Laboratory, Sylhet. 

Zygomycetes 

Rhizopus Artocarpi Raciborski 

On the young immature fruits of Artocarpus 
integrifolia L.; throughout the province. Col- 
leeted on 14 February, 1942 and kept m the Her- 
barium of the Plant Pathological Laboratory, 

sylhet. 

Ii: Ascomycetbs 


Cystop^is cavdidns (Pers.) L6v. 

On the leaves and stems of Brassica Napus L. ; 
Habmanj . Collected on 27 J anuary*1943 and kept 
in the Herbarium of the Plant Pathological Labo- 
ratory, Sylhet. 

PhytophthoTCL Afcccic (Coleman) Pethy bridge 

On the leaves, fruits and peduncles of ATec4i 
Catechu L. ; Karimganj, Tajpm. Collected on 
7 December 1941 and kept in the Herbarium of the 
Plant Pathological Laboratory, Sylhet. 

P. Colocasiae Raciborski 

On the leaves, petioles, flowers and conns of, 
Colocasia antiguorvm Schott. ; Baniachong, Inathr 
eani Sylhet. Collected on 7 October 1941 and 
kept in the Herb. Crypt. Ind. Orhnt. and in the 
Herbarium of the Plant Pathological Laboratory, 
Sylhet. 

P. infestans de Bary . 

On all parts of Solanum tuberosum L. ; Khasi 
Hills, Biswanath. Collected on 26. February, 


Hemiascomycetes 
Taphrina deformans (Berk.) Tul. 

On the leaves of Prunus persica Benth. & 
Hooker f.; Shillong. Collected on 7 August, 1W2 
and kept in the Herbarium of the Plant Patholo- 
gical Laboratory, Sylhet. 

T. maewiaws Butler 

On the leaves oi Curcuma longa L.;- Sylhet, 
Maulvibazar. Collected on 10 November, 1941 
and kept in the Herb. Crypt. Ind. Orient, and in the 
Herbarium of the Plant Pathological Laboratory, 
Sylhet. 

Pyrenomycetes 
Erysiphe Polygoni DC. 

On the leaves of Pisum sativum L. ; Sylhet. 

Collected on 17 February, 1942 a,nd kept in fbe . 
Herbarium of the Plant Pathological Laboratory, 
Sylhet. 



Ill]' SOMW FUiMU 

On the lea\^es of 

Jorhat, Sibi^agar. Collected on 19 May, 1943 and 
kept in the Herb, Crypt. Ind, Orient, and in the 
Herbarium of the Plant Pathological Laboratory, 


SOME FFNai FEOM' ASSAM, I 


IJstilaginoideu virem (Gke) Takahashi. 

In the infloreacence of Oryza sativa L. ; Karijn- 
ganj, Habiganj, Inathganj, Jagatsi. Collected on 
28 November, 1941 and kept in the Herb. Crypt. 
Ind. Orient, "and in the Herbarium of the Plant 
Pathological Laboratory, Sylhet. 


Craphiola applanata k 'BxAhf 

In living leaves of Phomix sylmstris Roxb, 
Habiganj, Maulvibazar. Collected on 1 Feb- 
ruary, 1942 and kept in the Herbarium of the. 
Plant Pathological Laboratory, Syihet. 

Sphacelotheca Rotthoelliae (Syd. & Butler) Mundkur 

In spikes oi MoUboelUa protema Hack. The 
fungus has not been previously recorded on this 
host; Habiganj. Collected on 7 March, 1943 
and kept in the Herb. Crypt. Ind. Orient, and in the 
Herbarium of the Plant Pathological Laboratory, 
Syihet. 


III. Basibiomycetes 
Ustilaginales 

Ustilago Cynodontis P. Ketm. , 

In the inflorescence of Cynodon Dactylon Pers# 
Kulaura, Buttgram. Collected on 2 January, 

1942 and kept in the Herbarium of the Plant 
Pathological Laboratory, Syihet. 

U. Hordei (Pers.) Lagerbeim 
In the ovaries of Hordeum vulgare h.; Dull- 
abcherra, Jorhat. Collected on 2 March, 1942 and 
kept in the Herbarium of the Plant Pathological 
Laboratory, Syihet. 

IJ. nuda (Jensen) Rostrup 
In the inflorescences of Hordeanm. mdgare L. ; 
Jorhat, Collected on 2 February, 1942 and kept 
in the Herbarium of the Plant Pathological Labo- 
ratory, Syihet. 

TJ. scitamima Syd. 

In the culms of Saccharum officinarum 
L. Bhanugach, Kamalpur. Collected on 25 March, 

1943 and kept in the Herbarium of the Plant 
Pathological Laboratory, Syihet. 

U. Coicis Bref 

In ovaries of Coix Laohryma-jobi L. ; Shillong. 
Collected on 10 September, 1942 and kept in the 
Herb. Grypt. Ind. Orient, and in the Herbarium 
of the Plant Pathological Laboratory, Syihet. 

U. Tritici (Pers.) Rostrup 
In ovaries of Triticum vulgare Host; DuU- 
abcherra, Jorhat. Collected on 2 February, 1943 
and kept in the Herbarium of the Plant Patho- 
logical Laboratory, Syihet. 

XJ. Utrimlosa (Nees) Tul, 

In the ovaries of Polygonum orientate L. The 
fungus has not been previously recorded on this 
host in India and as far known, from elsewhere ; 
Lakhipur. Binnakandi. Collected on 27 Feb- 
ruary, 1941 and kept in ihe Herb. Crypt. Ind. 
Orient, and in the Herbarium of the Plaut Patho- 
logical Laboratory, Syihet, 


Cintractia Mundkuri Chowdhury n. sp. 

Sori at the base of flower stalks, forming com- 
pact black roundish swellings, at first covered by 
a whitish false membrane, which soon flakes away 
exposing dark coloured spore masses. Spore 
masses amorphous, forming agghitinated 
more or less firm mass of spores. Spores 
spherical, yellowish brown, 11*6 to 15*8 p (mean 
13 -4/^) with thick exospore and highly granular 
cell contents, giving the spores a reticulate appear- 
ance. 

At the base of floral stalks of Fimbristylis 
diphylla Vahl. ; Habiganj. 7 March, 1942. Col- 
lected by S. Chowdhury. 

Type specimen deposited in the Herb. Crypt. 
Ind. Orient. New Delhi Ciniractia Mundhiri 
Chowdhury sp. nov. 

Sori ad basim florum inveniuntur, formantes 
alveolos densos, nigros et sub-rotundos, primum 
sub-albo falso membrano teotos, qui mox cadens 
spororum massas atras exponit. Haemassae sunt 
amosphk6et plus minusve agghitinatae. Spori 
rotundi, flavo-mauri coloris, 11*6 — 15*8 p (med. 
13 4 /^) cum exosporo orasso et valde granularibus 
ceUulis composite, et faciens spores reticulates in 
apparentia. 

Ad basim ^oivm Fimbristylis diphyllae VahL 
Habiganj 7 Martii, 42 Leg. S. Chowdhury. 

Specimen typicum depositum in Herb. Grypt, 
Ind. Orient, Nova Delhi. 

Takahashi 

In the grains of Oryza satim L., throughout the 
province. Collected on 17 December, 1942 and 
kept m the Herb. Crypt. Ind. Orient, and in the 
Herbarium of the Plant Pathological Laboratory, 
Syihet. 

Uredinales 

Melampsora Lini (Pers.) Lev. 

On the leaves and stems of Linum uaitatissimum 
L.; Hab%anj. Collected on 7 March, 1942 and 
kept in the Herbarium of the Plant Pathological 
Laboratory, Sj^lhet, 
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0 . Tracy & Earle ^ , 

urn vvlgare On the leaves of Htbiscus sc^nffa L. , S/lhet. 
10 March, CoUected on 20 Eebmary, 1943 and kept m the 
Herb. Crypt. Ind. Orient, and m the Herharrajn of 
the Plant Pathological Laboratory, Sylhet. 

C. Occidentalis Cke. _ r- cn. • , 

On tli6 leaves of Octssiu occid&TitciMs Xj* ; biiaista 

ganj. Collected on 27 Febrnary, 1942 and kept 
in the Herbarium of the Plant Pathological Labo- 
ratory, Sylhet. 

( 7 . jpersonato (Berk. & Curt.) Ell. & Ev. ^ _ 

On the leaves, stems and petioles ot AracMs 
hypogdecL L. ; Sylhet. Collected on 2 July,^ 1942 
and kept in the Herb. Crypt. Ind- Orient, mdm. the 
Herbarium of the Plant Pathological Laboratory, 
Sylhet. 

iC. Sesami'ZimxD.. . 

. On the leaves and stems of Sesamum orientate 
L.; Sylhet. Collected on 2 July, 1942 and kept 
in’the Herb. Crypt. Ind. Onewt. and in the Her- 
of the Plant Pathological Laboratory, 


Puccinia grammis Pers. 

On the stems and leaves of i nt 
Host; DuUabcherra. Collected on 
1943 and kept in the Herbarium < 

Pathological Laboratory, Sylhet. 

P oZwJwarwwi' (Schm.) Erikss. & Henn. 

On Phe leaves and culms of Triticum ^Igare 
CoEected on 8 Febrxiaiy, 
the Herharinm of the Plant 


On: 'the leaves 
Host; 'Bnllaboherra, 

1942 and kept, in 1 
Pathological Jjaboratory* Sylhet. 

P. scirpi DO. 

Uredo and telento stages on 
articulatus L. ; Kasha. Collect® 

1942 and kept in the Herb. Cryp 
in the Herbarium of the Plant 1 
ratory, Sylhet. 

Uroniycea 

On the leaves; 

L.; Sylhet 

kept in the Herb. Crypt. 

Herbarinin o- 

Sylhet. 

IV. Fmroi Impebfeoti 

Hyphomycetes 

AUermria Brassicae (Berk.) Saco. 

On the leaves, stems and pods (rf Hrassica cam- 
L. Habiganj, Karimganj. CoUeoted on 8 
1942 and kept in the Herbarium of the 


Fcdiae (Pers.) de Bary 

stems and pods of Ftsum sativum 
Collected on 17 February, 1942 and 
“ i. Ind. Orient, and in the 
of the PlaTt Pathological Laboratory, grmm 

Pusarium monilifotmc \ __ 

On the roots and culms -of Oryza saliva L. ; 
Karimganj. Collected on 7 October, 1942 and 
kept in the Herbarium of the Plant Pathological 

Laboratory, Sylhet. ^ v -rr 

Helmirdhospormm Oryzae Breda de Haan. 

On the leaves of Oryza sativa L. ; Sylhet, Inath- 
ganj. Collected on 25 June, 1942 and keptin the 
Serb, Grypt* Ind. Orient, and in the Herbarium 
of thVpiant Pathological Laboratory, Sylhet. 
Pirimlaria Oryzae CaYam. ^ aiv 

On the leaves of Oryza sativa L. , Akbarpur, 
Jorhat, Titabar. CoUected on 7 August, 1941 

„ . and kept in the Herbarium of the Plant Patho- 

the H&rb. Crypt. Ind. Orient, jogigal Laboratory, Sylhet. 

" ^ Elv o 

alotropis gigantea Br. ; Sam- Sphaeropsidales and Melanconudes 

on 17 February, 1942 and Colletotrichum falcaium'Weo.t . 

m of the Plant Pathological Qn the leaves and culms of Saccharum offim- 

namm L. ; Sylhet, Silchar. Collected on 17 
nan & Eamkrishnan August, 1943 and kept in the Herhmum pf the 

iJumua tinctorius L.;Hazipur, Plant Pathological Laboratory, Sylhet. 

4 March, 1943 and kept in C.Cheosporioi^ 

IP Plant Pathological Labo- On Citrus Awantivm L., Sylhet, J^si iiaus, 
LC Plant pamoiogicai ^ CoUected on 18 February, 

1942 and kept in the Herbarium of the Plant 
to L. ; Sylhet, Pethelogied Leh^af^Sylhet. 

id on 18 January, 1942 C. graminicolum (Ces.)mis. 
larium of the Plant Patho- On the leaves of Andropogm Brot. 

’ihet Katakhal. CoUeoted on 7 JiUy, 19^ and kept 

in the Herbarium of the Plant Pathological 

Q!seol^ts wZgam L. ; Kalighat, Laborato^, Sylhet. , 

on 19 January, 1943 and DipMia Cor chon bjd. , r 

m of the Plant Pathological On stems of "“Seted om 17 

olitorius L. ; Habigan], Agna. Collectett on ii 





ESTIMATION OF SVGARGAN-E. TOF-BORER (SGI RPOPH AG A 

F.) INFESTATION 

By Khan A. Rahman, Government Entomologist, and Dalbib Singh, Assistant Entomologist 
(Sugarcane), Punjab Agricultural College and Research Institute, Lyallpur 
(Received for publication on 11 October 1943) 


The extension of the area under ^garcane and 
the. changes in the cultivation practices -of this 
crop have brought the problem of its insect pests 
to the fore front. Sugarcane top-borer 
(Scirpophaga nivella F.) heads the list of 
these pests in India in general and the Punjab 
in particular. Therefore, in ^Tiew of the losses 
inflicted by this pest on the sugarcane crop, the 
Entomologist, the Agronomist, and the Cane 
Breeder want to know (i) its relative abundance 
in different localities and extent of its damage 
during different years, and (ii) the comparative 
resistance of different varieties of sugarcane to 
it. In order to find this information it is essential 
to study the percentage of shoots attacked by 
the top-borer and to achieve this object the only 
method so far known is to count, separately 
over the whole field the entire nunber of healthy 
and infested shoots, and then to work out the 
extent of infestation therefrom. This is a very 
tedious, time-consuming, and costly task, parti- 
cularly when the number of varieties and the 
areas under them are large. 

The importance of a correct and a convenient 
method of finding the top-borer infestation can 
hardly be over-emphasized. Myers asserts 

that ^ what we most clearly lack is a standard 
method of estimating infestation and determining 
damage The size of the sample and the number 
of replications should be such as to reduce the 
Standard Error of the data to a practical mini- 
mum : the number of canes to be counted should, 
consistent with efficiency, be as small as possible. 
The need for standardizing the technique for 
finding top-borer infestation is further emphasized 
by the fact that the spread of sugarcane top-borer 
does not follow any regular law of soil fertility 
or a topo-graphical curve. Investigations were, 
therefore, undertaken with Co 285 canes in order 


to find a suitable, convenient and, at the same 
time, correct method for estimating top-borer 
infestation in a given area. The results of these 
investigations are presented in this paper. 

Method akd material 

A one-third acre field of sugarcane, Co 285, 
with normal stand was selected at the Sugarcane 
Research Station, Jullundur, and the counts 
were made in the field during November when 
the sugarcane top -borer infestation bad touched 
the peak. The field was divided with ropes for 
the purpose of making the counts into 40 equal 
sub-plots which extended parallel to the width 
of the field. In each of these sub-plots all the 
canes were counted in separate sections of 50 
canes each, and the number of top-borer affected 
canes in such sections was also recorded. Thus 
the infestation figures from 400 sections each 
with 50 canes were collected for statistical analysis. 
These figures are given in Table I. 

The frequency of the number of sections which 
have different infestation percentages is given in 
Table II. 

It is clear from Table II that the frequency 
diagram would be approximately a normal one. 
The statistics known as gi and g2 were calculated 
to test the departure of the frequency curve 
from the normal. The values of these statistics 
were found to be — 0 ' 202± 0*122 and 0 * 282 
0 ‘ 243 respectively. These values indicate that the 
frequency curve possesses a negative skewness 
and is a peaked one. The values of gl and g2, 
though greater than their Standard Errors, 
do not bring out or point to a significant 
deviation from normality. It is, therefore, ap- 
parent that the present technique evolved for 
the estimation of sugarcane top-borer infestation 
can be recommended to the research worker* 


September, 1942 and kept in the Herbarium of the 
Plant Pathological Laboratory, Sylhet. 

Qloeospofium Mmarum Cke & Massee 
On fruits of Mma paradisiam L.; Samsher- 
nagar, Kanaighat. Collected on 12 July, 1942 
and kept in the Herbarium of the Plant Pathologi- 
cal Laboratory, Sylhet. 
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Total . 400 


tesTiMAilox OF sugaeuanM fop-BoElB Infest AT iux 


engaged on this problem. The lines of work 
detailed ill tbe present paper should arouse 
similar interest amongst other workers on sugar- 
cane entomology in India. 

The infestation of 12 sample sizes, i.e., 50 
100, 200, 250, 400, 500, 800, 1,000, 1,250, 2,000 
2,500 and 5000 canes taken as representative 
samples from a total population of 20,000 canes, 
were combined in all possible ways for the purpose 
of finding out a suitable size and shape of the 
sample and the number of times for which such 
sample should be repeated. There were thus 
obtained 21 different combinations and these 


combinations account for all the different sizes 
and shapes of the sample. 

Expeeimehtal eesults 

The figures of infestation percentage in the 
whole field of 400 sections, grouped according to 
the nature of the samples were analysed statisti- 
cally by the following two methods, (i) the sum 
of squares due to columns and rows was not 
eliminated, and {ii} the effect of columns and rows 
was eliminated with a view to obtain (a) an 
average trend of the size of the >sample and fl;) 
figures which are neither too low nor too high. 


Table III 


Serial 

No. 

Nature 
of the 
sample 

No. of 

! cones in 
the sample 

No. of 
replica- 
tions 

Mean 
percentage 
of attack 
per 

sample 

Standard 

devia- 

tion 


(Bows X Cols.) 





1 

1x1 . 


60 

400 

66*1 

14-622 

2 

1x2 . 


100 

200 

66*1 

11*945 

3 

2x1 . 


100 

200 

56*1 

11*796 

4 

1x4 . 


200 

100 

56*1 

10-324 

6 

2X2 , 


200 

100 

56*1 

9*800 

6 

6X1 . 


260 

80 

56*1 

9-970 

7 

1X6 . 


260 

80 

66*1 

8-293 

8 

1X8 . 


400 

50 

66*1 

9*219 


2x4 . 


400 

50 

66 • 1 

8*808 

10 

5X2 * ' 


500 

40 

66*1 

8-930 

11 

2x5 . 


600 

40 

56*1 

8*595 

; . 12 

1x10. 


500 

40 

56*1 

6*538 

13 

2x8 , 


800 

, 26, : ' 

56 * 1 

8*078 

14 

Sx4 . 


1000 

20 

56*1 

8*676 

15 

2x10 . 


1000 

20 

56*1 

7;937 

16 

1X20 . 


1000 1 

20 

66*1 

6*836 

17 

5x5 . 


1250 1 

16 

56*1 

5*844 

18 

5x8 . 


2000 

10 

56*1 

7*682 

19 

2x20 . 


2000 

10 

56*1 

5-439 

20 

6x10 . 


2500 

8 

66*1 

5*989 

21 

6X20 


5000 ! 

i 

4 

66*1 

5*807 


standard | 
error ' 
on 

per cane 
basis 


2*068 

M045 

M796 

0*7300 

0*6930 

0*6306 

0*6246 

0*4610 

0*4404 

0*3994 

0*3844 

0*2924 

0*2856 

0*2743 

0-2510 

0*1845 

0*1653 

0*1718 

0*1216 

0*1198 

0*0821 


I i Bolative 

I' ' i Standard precision 

i Co- error corrected 

efficient of of Co- for 

variation i efficient of number of 
i variation replica- 

I tions 


26*064 
21*292 
21*027 
18*403 
17*468 
17*789 
14*782 
16*433 
16*686 
16*919 
16*321 
11*654 
14* 399 
16 *464 
14*148 
10*403 
10*417 
13*684 
9*695 
10*675 
10*351 


0*9215 

1*0646 

1*0513 

1*3014 

1*2139 

1*4063 

M686 

1*6433 

1-6686 

1*7798 

1*7467 

1*3029 

2*0363 

2*4439 

2*2372 

1*6460 

1*8416' 

3*0598 

2*1679 

2*6687 

3*6600 
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Standard 
deviation 
Mean after 

percentage removing 
of attack the effect 
per of 

sample rows 

and 

columns 


'Co- ■' " I - 

efficient of ' : Kelative 

Standard variation Standard I precision 

error after error ! corrected 

on removing of for 

per cane the effect coefficient number 

basis of of of replica - 

rows variation tions ' 

and 

columns 


No. of No. of 
canes in | replica* 
the sample tions 


Nature 
of the 
sample 


Serial 

No. 


7' 9518 0-8890 


1-5064 


2-900 0-0410 


In order to obtain the suitable size and shape of the samples the data in Tables III and IV were arranged in the 
form VI.. respectively. .. • 
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is again yery little and it may thei^efore be in- 
ferred that tbe Standard Error and the Coefficient 
of Variation do not fall appreciably if the size of 
the sample is increased from 1000 to 2000 canes. 
Table VI also leads to similar inferences. Thus 
it can be safely concluded that from the point 
of view of precision there appears to be very 
little advantage in increasing the size of the 
sample beyond 500 canes. 

Another interesting feature apparent from 
Tables V and VI is that for the same number of 


■ canes in the sample, there is a reduction in th^ 
Standard Error if the shape of the sample chosen 
• be a long and narrow one. A few discrepancies 
'here and there, however, do not upset the general 
finding. . The length of the patch from which 
the required number of canes is to be counted 
should be much greater than its width. A similar 
finding was '.obtained by , ' Pause ' [1941] while 
dealing with .the efficieney of diifereiit plot sizes. 
According to him the Standard : Error decreased 
coiisiderabty if the plot was long and narrow. 


Table V 


No. of caiiec 

i 

No. of 
replications 

1 ' 

. 

Shape of 
-the sample 

Standard 

deviation 

Standard 

error 

0,n 

efficient 

of 

variation 

.Standard 

error 

of 

coehicient 

of 

variation 

5.0 . . . ' . 

400 

■1,:4 

> 7 ^ 

flSI 

40 

Ai 

■-2* 068'", 

20-064 

0*9215 

: 100 ' ■ '. ■' 

200 

'■ l.i2'. 

11 -945 

■ 1*1945 

21*292 

i*0'646." 

zoo 

200 

- 2 I I 

11*796 ■ 

1*1796 

21*027 

1*051'3 

' Average . 



- 11*870 

1*187 

'21* 160' 


mv'.' 

100 

' 1:4 ' . 

10*324. 

0* 7300 ■ 

18*403 

1*3014 ' 

200 . . . . . 

100 

1:1 

9*800 

0*6930 

17*468 . 

1-2130 

Average . ' 



..10*062 

0-7115' 

'' 17*935 


250 . . . . . . . 

."■■'80 .... 

5:1 

9*970 

0* 6306 

17*789 

1*4063 

260 . . . .... 

80 

1:5 

8-293 

0*5245 

14*782 

1*1686 








Avreage . 

i 

j 

9*132 

0*5776 

16-286 


400 . . . ' . ' . ; 

50 [ 

1:8 1 

9*219 

0*4610 

j 16*433 

' 1-0433 

400 . . 

50 

1:2 1 

8*808 

0*4404 

15*686 

; 1-5686 

Average . 

' 1 


9*013 

0*4507 ! 

16-060 


500 . 

40 

1 : 2*5 i 

8*930 

0*3994 

15*919 

1 1*7798 

500 . 

40 

.2*5:1 i 

8*595 

0*3844 

15-321 

1*7467 

500 

40 ' 

1 : 10 1 

6*538 

1 0*2924 

11*654 

1*3029 








■v, Average 



8*21 

i 0-3587 

14*298 



800 ....... 

25 

1:4 

8*078 

0* 2856 

14*399 

2-0363 






.- — — 

— — 

1000 

20 

5:4 

8*675 

0*2743 

15-454 

2*4439 

1000 . . 

20 

I : 5 

7*937 

0*2510 

14-148 

2- 2372 

1000 

20 

1 : 20 

5*836 

0*1845 

10*403 

1*6450 

Average . 



7*483 

0*2366 

13*335 


1260 

16 j 

- 1 : i 

5*844 

0* 1653 

10*417 

1*8415 








2000 • 

10 1 

1 : 1-6 

7*082 

0*1718 

13*684 

3*0598 

2000 

10 

1 : 10 1 

5*439 

1 0*121(5 

9*695 

2*1670 


Average 


0*1467 

0*1198 

0*0821 


11*689 • 
10*675 1 
10* 051, : 


2*6687 

0*6600 


^.r;: zs::^ 






9 ? 


iSrijs; !| 
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canes having different It is Ind^^IOOO^^ranls ^^ffer”ve^y 

; 10 as the nature of the values of the Standard Deviation, 

,th the Tables V and VI ^nd the Coefficient of Variation, 

values of the ^ father study about the number of replications 

r^itfl'^: ^as^sr^* of S %ite^Sn!S ^TlJ^tSrtf 
onclusionthab 500 cams .^jred to give Standard Error of 5 

J^hir^mber of canef is per Lit was calculated by dividing the Goefficient 

amnno' the samples of Variation of the sample by Vw- 


I’he sample of 500 canes having different T 
shapes viH : 2-5 and 1 : 10 as the nature of the havr 
3e iSe studied. Both the Tables V and_^ VI little 
indicate a fall in the values of the Stmdard Stan 
dSLi? Standard Error and the Coefficient A fu 
of Variation in the sample with 1 : 10 as its shape, of si 
Thus we arrive at the conclusion thab5p canes requ 
with 1 : 10 as the ratio in the breadth and the length sam] 
of the patch from which this number of canes is per < 
counted is probably the best among the samples of \ 
considered in the present investigations. 

Table vl 


No. of canes 

3 

No. of 
-ephcatrions 

Shape of 
the sample 

50 . • • • 

400 

1 ; 1 


200 

1:2 

100 . . . • • * • 

200 

2:1 

100 . . . • * V \ 


— — 

* Average . ' 




100 

1:4 

300 . • . - - 

100 

l'- '-'1:1..„' 

200 . . . • - 



^ Average . 


1 

. ' ■ 

80 

1 5:1 i 

250 . . . • 

80 

j 1: 0 

250 . A . ■* , _ 



. , Average' . 




50 

r 1:8 

■400 . . ■ ■ '.:■■ ' • .■■•"■ ■■ 

60 

I 1:2 

400 . . . . 


- 

Average . 


i . 

i 


40 

i 1 : 2- 5 

500 ... . • • * 

40 

2-6:1 

500 . . V . * * • 

.r.nn . . 

40 

1:10 


Co. 

efficient 

of 

variation 


f^tandard 

error 

of 

coefficient 

of 

variation 


12*349 


: 32- 0107 0*7782 


Average 


0-8809 

0*9889 


15*7023 

17*6112 


0*9349 i 16*6568 


0*4812 

0*4736 

0*4774 

0-4621 

0*3653 


12*1354 

11*9376 

12*0365 

13*0251 

10*2940 


0-4137 i 11-6696 


5:4 4-211 

1 . 5 3-845 

1:20 4-211 


1:1-0 3-920 
1 - 10 3-930 



0-1286 

0-2642 

0-2614 

0- 2037 
0-1996 
0- 1890 

0-1974 

0-1364 

0-1332 

0-1216 

0-1332 

0-1293 

0-0916 

0-0877 

0-0878 

0-0878 

0-0628 

0-0410 


8-6062 

9-4171 

8-9616 

8^196 

7-9618 

7-6240 

7-8651 

6- 8762 

7- 5062 

6- 8638 

7- 5062 

7-2877 

5- 7575 

6- 9875 

7- 0053 

6-9964 

6-6007 

5-1693 


0-7861 
0- 8806 


0- 8681 
0- 8441 


1-0298 

0-8139 


0- 8500 
0-9417 


0- 9070 
0- 8898 
0-8412 


0- 9723 

1- 1863 
1-0837 
1-1863 


1-0178 

1-6626 

1-6664 


1-4002 

1-8276 


esii;m;a,tion ok sugarcane tof-burer in^’estation 

Table VII 


W ifcliout removing tlie effect of colunms and rows 


Size of tlie sample 


After removing tlic eflfecfc of columns and rows 


Size of the sample 


1 ;300 canes 

' 1 1 

Xumber of samples' ' | 

[ 800, I 

canes 

1' i 

1000 canes 

500 canes | 

j 

^ soo. 

' canes 

I 1000 canes 


j 

Sliape 
of tlie 
sample 

i i 

; Shape | 
: oftiie j 
sample | 

Shape of the sample 

Simpe 1 

of t he j 

sample i 

. 1 

Shape 
of the 
sample 

Shape of the sample 

1 1 ; 2-5 

1 : 10 1 

! 

1.4 

1 : 1*25 1:5 ^ 1 ;20 

! 

1:25 

1 : 10 1 

i 

,1 t 4 1 

1 : 1*25''' "1 5 'T 1 : 20' 

1 

. 15*919 

11*654 

i 

14*399 

15*454 14*148 ; 10*403 

8*119 1 

7*524 

6*875 1 

'7*5062 '6*853'! 7*5 '■ 

2 . 

. 11*37 

8*241 

10*285 1 

11*04 10*000 1 7*359 

5*792 1 

5*302 

4*904 i 

5*290 : 4*888. [ ■ 5*29 

3 

. 9*36 

6*729 

8*470 1 

9*09 8*140 1 6*000 

4*700 

4*360 

4*000 ; 

4*350 "4*000* 4*'35'. 

4 

7*959 

5*827 

7*195 ! 

7*727 7*074 5*201 

4*059 ,j 

3*762 1 


3*753: 1 3*153 

5 . 

. ' . 7*23 

5*212 

6*545 

7-02 6*335 4*673 




. ■ j : 

6 

. 6*459 

, 4*758 1 

5*856 

6*31 5*781 4*246 





7 

6*071 


5*333 

5*85 5*351 





8 

5*685 


3*106 

5*51 5*017 



, 


9 • 

5*306 


4*799 

5*161 4*716 I 




j. " ' ■ 

10 


1 i 


! 

1 




i 


For determining the niimfeer of replications of 
samples of tliree diiferent sizes, viz. 500, 800 
and 1000 canes, required to give accurate esti- 
mates, the data are arranged in Table VII. 

Considering the variance without removing 
the effect of rows and columns, we find that if 
the size of the sample is to be 500 canes with 
shape 1 : 10 and 1 : 2*5 we would be required 
to take 6 and 9 replications respectively so, as 
to make the samiiling efficient enough to reduce 
the Standard Error to 5 per cent or lower. This 
further stresses the desirability of having a long 
and narrow patch for taking observations to record 
infestation percentage. Seven replications of the 
sample having 800 canes are needed and for a 
sample of 1000 canes, the mnnher of replications 
required are 9, 8 and 5 for 5 i 4, 1 i 5 and 1 i 20 
shapes respectively. 

A similar study of the data after removing the 
effect of columns and rows reveals that 3 replica- 
tions of the sample having 500 canes with shape 
1:2*5 and 2 replications of the same sample 
with shape 1 : 10 reduce the Standard Error to 
about 5 per cent : two replications of the sample 
haying 800 canes and shape 1 : 4 arc necessary 
and for 1000 canes sample 2 to 3 replications are 
required. 
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Summary ' ^ ■ 

Sugarcane top-borer (ScirpopMga nivella F.) 
is a serious pest of sugarcane in the Punjab and 
it is often required to accurately determine the 
extent of its infestation. The present paper 
presents the results of an Ento-Statistical in- 
vestigation conducted with a view to find out 
the most suitable, efficient, and convenient size 
of the sample which would yield reliable informa- 
tion about the incidence of this pest. The in- 
festation percentage figures in samples of various 
sizes and shapes have been examined statistically 
and the limits of accuracy have been deternuned. 
For ordinary routine work, a sample consisting 
of 500 canes has been shown to give quite accurate 
results. 'Oiere appears to be very little ad- 
vantage in precision if the size of the sample is 
increased beyond 500 canes. The precision is 
increased by taking long and narrow strips of 
the sugarcane crop for counting purposes. In 
special cases when greater efficiency is needed 
3 to 6 replications of the sample consisting of 
500 canes from strips with 1 : 10 and 1 : 2*5 as 
the ratios in their breadth and length respectively 
should be taken. 
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A PRELIMmARY INVESTIGATION INTO THE INFLUENCE OF THE 
FUNDAMENTAL DIMENSIONS OF A PLOUGH ON DRAW-BAR- 
PULL, DEPTH AND RESISTANCE PER UNIT AREA 

By P. V. Krishna Iyeb and P. S. Rao, Imperial Agricultural Research Institute, New Delhi 

(Received for publication on 3 January 1044) ^ ; 

, , (With two text-figures) 

A .''Iotbobijotioh 

;Tm fundameafcal dimensions . of ; an Indian . sea.m- 

ploiigli are the lengtli of the wedge (Zr), the angle , . / , ^ 

between the b(3am. and the- wedge , (Op),' the face 

angle of the wedge (0) (i.e. the angle between the ■ ^ i ^ 

two edges of the ■ wedge); and the. weight (IF). ' . - — — — ■-* 

These are independent of one another and can be — 
adjijsted ; in any manner ^according .to , require- , ,/ 

ments/ subject to 'sonie' HmitationS;.; ^ ' y 

It can be seen from the foUowing discussions that / 

the angle between the beam and the wedge cannot ' * ' / 

be more than a particular value if the plough is to 

work smoothly. In the case of Indian ploughs the Rig. 2 

line of draw-bar-puH either coincides or makes a Thk P i« Hie drsw-lnr-nnll nnd re. 

small angle with the beam. The functions of a i*’ V , ‘ . w i ^ U a 

Sugh ie to cut and to crush the soil. It does K ^ 

w u - 4 . tioned that the line of draw-bar-pull either com- 

enttmg while pen^ratm^^^^^ oides or makes a smaU angle Uh the beam. 

^1 have to overcome ^cer^ resist- ^ ^ inohnation of the beam with the wedge 

mg force which is represented by F m Fig. 1. It 50 = 

M The weight of the plough should be adjusted in 

I accordance with the strength required, but should 

«'| not be increased unnecessarily in which case the 

I avei’age bullocks will find difficult to pull it. 

I » ' Similarly the face angle also has certain limitations. 

\ . If the face angle is large, the resisting force against 

the penetration of the wedge is also large and the 
^ ploughing will not be deep enough under ordinary 

Fig. 1 ploughing conditions. On the other hand, if the 

crushes the soil during its forward push by the face angle is very small, the wedge will be too 

animals when it has to overcome a certain amount narrow and will penetrate to a greater depth which 

of complex fooes in the soil, the resultant of which sometimes , is not required. Besides this, the side 
will act nearlry at about right angles tp the wedge pressure will bo more and the draw-bar-pull wdi 
and is represented by N in Fig. 1. The force which be large. 

is equivalent to frictional resistance against the No work seems to have been done either 
motion of the plough is represented by H. The in India or elsewhere regarding the influence of 
directions of these forces are indicated by arrows, the fundamental dimensions of plough on draw- 
Assuming the cutting and crushing forces to be bar-pull, depth of ploughing and resistance per 
equal, in view of the gravitational force of the square inch of furrow opened. The available 
weihgt acting on the plough, the actual force literature on the subject has been summarized 
in Fig. 2. contributed by the draw-bar-jiull in the below. 

direction of the wedge is less than F and hence ^Contrary to the general opinion, Arthur Young 
the resultant (R) of this force and N will be inclined [Keen, 1931] found that the draw-bar-pull was 
at. an angle greater than 45"^ to the wedge. Com- not affected by the weight of the plough to any 
pared with the other forces, H is small and the appreciable extent. The main resistance was 
resultant of R and H which is represented by P that offered by cohesion of the soil and could only 
in Fig. 2 will be inclined at about 45'^ to the be kept to a minimum by the proper design of 
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mould-board. Hadley [Keen, 1931] showed that 
the draught varied with the depth of ploughing 
and the gross draw-bar-puH appeared to be largely 
due to the frictional resistance between the sole 
and land side of the plough and not due to the 
mould-board. Jle confirmed Young’s observation 
regarding the effect of weight of plough on the 
draw-bar-pulL White [1918] working at lUinios, 
America, attempted to work out the mathe- 
matical equations of surfaces of mould-boards of 
the most important historical ploughs. He also 
gave methods to generate plough bottoms . for 
various soil conditions. Davies’ at Bothamsted, 
studied the effect of the depth and width of the 
furrows on draw-bar-pull and found a linear re- 
lation existing between them. Keen and Haines 
[1925], at Rothamsted, showed that the relation 
between moisture and the draw-bar-pull is hyper- 
bolic. Nichols [1931 ; 1932] at Albama, U. S. A., 
found a definite relation existing between friction, 
shear, resistance to the compression and the 
Atterberg consistency constants. In further 
dynamic studies of the soil, he established a 
relationship between friction and hardness of the 
metal of the plough share (or w’^edge) and colloidal 
contents of the soil. Godhole [1913] at Poona, 
in designing a new Deccap plough used the 
weight of the plough and the weight of the soil 
over the plough wedge in calculating the frictional 
resistance. 

Attempts have been made in this paper to study 
the relation between the fundamental dimensions 
described above and draw-bar-puU, depth of the 
furrow and the resistance per square inch of 
furrow. Mathematical equations showing the re- 
lationship between the various factors have been 
obtained. It may be mentioned that in place of 
the plough angle, the angle between the horizontal 
and the wedge at the time of ploughing has been 
used in these equations, in order to eliminate the 
effect of the length of the beam and the height of 
bullocks. These equations enable us to calculate 
the draw-bar-pull, the depth and the resistance 
for ploughs of any dimensions for the same con- 
ditions for which the relation has been established. 
These calculated values can be used to judge the 
relative merits of ploughs of different dimensions. 
Therefore these equations are likely to be of more 
practical value than the equations connecting 
draw-har-pull wfith depth and width of farrow 
as obtained by Davies. In the former case the 
approximate values of draw-har-pull, depth and 
resistance can be known without actual ploughing, 
while in the other case the draw-bar-pull can be 
known after ploughing only. 

Experiment 

Seventeen Indian ploughs collected from differ- 
ent parts of India were worked in the same field 


with the same pair of bullocks by the same plough- 
man. The . field, used for this, purpose was plot 3 E 
in Main Block of the Farm area, the soil of which 
is sandy loam. The plot was ploughed and left 
fallow ' for two months before', the experiment. 
The^,draw-bar-puit was recorded by a self-recording 
dynamometer similar to that used: by Keen [1931], 
excepting that there was' no airangement ibr the 
automatic motion of the paper and for pin pricks 
to indicate any point of the furrow on the chart. 
The draw-bar-pull charts were obtained in’ this 
case by rotating the paper drum: with hand by a 
man who was moving along with the plough 
with the dynamometer hanging from his neck. 
Therefore, the relation between the motions 
of paper and plough and the draw-bar-puli 
at any point of the furrow could not be found 
from the chart. The average draw-bar-pull for 
the different furrows was calculated by computing 
the area included between the curve and the base 
line b}^ means of a planimeter and dividing the 
area by the length of base line and multiplying 
the quotient with the constant of the dynamo- 
meter.' The depth and width of the furrow were 
measured with the help of a wooden divider. 
This was placed inside the furrow with its arms 
touching the sides of furrow and a wooden scale 
was placed across the furrow touching the divider. 
Then with a second scale the distance between the 
arms of divider at the top of furrow and the height 
of the horizontal scale from the bottom of furrows 
were measured. The former is the width and the 
latter is the depth of the furrow. The resistance 
was calculated by using the draw-bar-pull and the 
area of the cross-section of the furrow opened. 
Table I summarizes the results of this experiment. 

Results aku uiscussions 

The partial regression coefficient between the 
draw-bar-pull and the depth and width of furrows, 
the weight of the plough, the time taken to open 
lOO ft, furrow, the moisture and the angle which 
the wedge makes with the horizontal were not 
significant in any of the cases excepting depth. 
This shows that few-bar-puU is likely to depend 
more on the depth of ploughing than on any other 
factor for the conditions of this experiment ; 
but the depth, as will be seen from the investi- 
gations that follow, will depend on the weight of 
plough, the length of the wedge, the face angle of 
the wedge and the angle whiclx the wedge makes 
with the horizontal at the time of ploughing. 

The correlation coefficient between the draw- 
bar-pull and the depth was 0*9259 and the re- 
gression equation connecting the draw-bar-pull 
with depth and its analysis of variance are given 
below : 
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T = 74-90 d-358- 07 ; where ¥ stands for draw- d = 4| in. This was so because the plot had been 

Dai"pull 111 lb. and d for ploughed once two uioiiths beforo the export 

de|^h of the furrow in inent and it appeared to be difficult to nieaaure 

Y . X U :i 1 u n ‘ draw-bar-piiU at depths less than the above 

in this equation when d — 0, the draw*bar-pull is value in this held, 

—358*07 lb, The draw«bar-piili is mro when 


Amlpsis of variance for Y expressed in terms of d 


Variance diie to 


Batio of 
variation 


Linear regression 
Kesidual error 


1 66081-1 
27665-0 


The above analy.sis shows that the draw-bar- mately when the values of If, L, 0 and O are 
pull depends mainly on the depth of the furrow known. It may be emphasized here that the depth 
opened. This measurement of the depth can be so cakailated will hold good only for the particular 
known only by actual trials. But if it is possible, .soil on which the experiment was conducted, 
to establish sorue relationship between the depth The partial regression equation between d, W, L, 
(d) and the weight (W), length (L), face angle of 0 and <I) and its analysis of variance are as foUows: 
the wedge (0) and the angle which the wedge 


makes with the horizontal at the time of plough- 
ing (#), the depth can be calculated approxh 


fZ==: 3*489 4- 
e + 0*0595 (!) 


0*0829 W + 0*0437 I — 0*0684 


Analysis of variance for d expressed in terms of and 


r-iM-l - - -r^ - 

Variation due to 

B. F. 8.8. 

M. S. S. 

Regression . ... 

Residual . . . . . . . . , 

4 21-949 

12 ,, 7*057 

5*487\ 

0*683/ 


Batio of 
variancd 


The above table shows that the partial regression draw-bar-pull and deptl 
equation can be used to express d in terms of the judge a plough compiet 
independent measurements of a plough subject to draw-bar-pull, the depth 
a variation of about 1 1 per cent . It also shows that per unit aiea of the 
depth d increases as W, L and <I> increase but Therefore we shall now 
decreases as 0 increases. any, between resistance] 

Since dJ is dependent on Tf, i, 0 and ® and T is factors. The correlatior: 
dependent on d, by combining the above two and d and -R and 0 were 
equations we have the following, equation in which pectively. As the above 
F is expressed in terms of If, 0 and : — high as that between d; 

7=6*21 If +3*27 I/+4*< 6<1> — 5*120—96*74. a second degree equatioi 

This equation enables us to calculate the draw- fitted to the data, 

bar-pull directly with the knowledge of IF, Lj analysis of variance are 
0 and . *0^*^ A 4 -' 

So far we have discussed the relationship bet- "" ai a ^2 

ween the fundamental dimensions of plough and — 3*010d+0* 1616d . 

Analysis of variance for R expressed in terms of Q and d 


Variance due to 


Second degree equation 
Kesidual error. 


draw-bar-pull and depth of ploughing. But to 
judge a plough completely, we must know the 
draw-bar-pull, the depth and the resistance (JH) 
per unit aiea of the cross-section ploughed. 
Therefore we shall now examine the relation, if 
any, between resistance per square inch and other 
factors. The correlation coefficient between i? 
and d and B and 0 were 0*791 and — 0*600 res- 
pectively. As the above correlations are not so 
high as that between draw-bar-pull and depth, 
a second degree equation involving jS, 0 and d 
was fitted to the data. The equation and its 
analysis of variance are given below : 

jg^24* 21— 1*063 0 +0*014 02+0*0715 0 d 

—3*010d+0* 1616^2. 


D. F. 

8. 8. 

M. 8. 8. 

Ratio of 

i'. 



variance 

5 

50-99 

10-20\ 

IM 

i ■■ -■.11 

10-16 

0-92/ 
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1 4.1 4. p ..oTi Kp rmistance for the respective ploughs have been 

The analysis of variance ^ j. calculated. The columns 6, 11 and 14 of Table 

estimated subject to a variatioir t n-;™ Uir observed and the calculated values of 


esiaiiiareu cv . - 

cent, if 6 and d are known, ltd is replaced m 


caiciiiautju. j-iiu/ 

I give the observed and the calculated values ot 
B, d, 6 for minimum resistance. Frorn these 


IK, L Y'tSJ%'’^TZ SS« ^itotefiand i it appears th.tK*n,J, B.rod. 

involving B, fj aiia <P ana tins q -Rfl-nPnrfi Ohotanaapur, Baltonganj and Purelia 

enables us to discuss how the resistance va 4’ 5 n island 16) have their faee angle 

with the changes in ^ m wlttk tL Umite of minimum resistance and 


with the changes in If, L, 6 and <D. of minimum resistance and 

partial regression equataon between d, W, L, 0 to be good designs subject to 

limitations of depth. 


and €> ; B and d we get 

B = 15 -68-0 -1561 If — 0-0822 L- 0-6848 0 
—0-1120 <I> + 0-0012 W L + 0- 0041 Tf 0 + 
0-0016 If (h + 0-0021 T 6 + 0-0008 L ^ + 
0-0030 0 €>+0 0011 If^ + 0-0003 i^+ 0-0063 0^ 
-i- 0.0006 (I)*. 


Summary 


0-0016 IF ^ Equations shoeing the relation between ^ to 

0 '00*50 6 <I>" h 0*0011 If + 0 0003 + fundamental dimensions of a plough (weight 1^, 

-i- 0.0006 <I>^- lencrth of wedge L, to face angle of to wedge 0, 

The coetFicients of 02 and are all the angle which to wedge makes with the 

positive. Hence it follows that will have a j^Qj^i^ontal at to time of ploughing (& ) and draw+ 

^ . • w nArtain values of fF, L, u t. ^„n /i^...v+u onVi reai.Qtaninft uer unit area 01 


pOSlUiVU. . r rrr F A 

minimum value for certain values of IF, B, u 
and 4). The equations which give the minimum 
values are : 

dB 0-166 + 0-0012 L + 0-0041 0 

^ + 0-0016 il* + 0-0022 If. - ^ ^ 

S.= _.O-o£+O-OO12F+O-OO210+O-OOO8a)+ ’ 

^ 0-00061/ ACKROWLEDaBMEOTS 

d:B-=_.0-685+0-00411f +0-0021 i+0-0030d) 
ie +0-01260 


llUlXZjA.^Xiuaix cuw ujjLw cj / 

bar-pull, depth and resistance per unit _ area _ol 
cross-section ploughed have been obtained for. 
the soil on which the ploughs were tested. These 
equations appear to be of considerable vmue Tor 
judging the relative merits of ploughs. Further 


0-00061/ 

35+0-0041 If +0-0021 i+0-0030d) 


The work reported in this paper was started 
on the suggestion of Rao Bahadur Dr B. Vi^a 

^ /-V. I •» __ 1 U-ttw o-n/1 IVT-i* fl 14 


-f- on me suggesuiuii xwc*v^ n xx 

dB _ O-112+0-00I6 W + 0-0008 A+0-0030Q Nath. Our thanks are due to hm and Mr O.B. 

— 0 u^-FU uuio -r Parr for the interest shown in the work and for 


-0-0012<I) 


^ going through the manuscript. 

Equating the above equations to zero and solving +T.-cii?-D-i 3 'xi'riv<a 

-I--..... rir T A rh -ttrliAn f.liA HiElFJEREN^OES 
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resistance is minimum. For this minimum value Davias, W. M. (1924). A prelimiaary 

resistance IS mmmiuia. tt™.. the*draft of tha plough. J. agme. -S«. 14, 370-406 


resistance IS rnmirnum ^ th”drafi ofih; p^ough.^ j. a,no."iSci. 14, 370-406 
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resistance is minimum. 0 appears to he the o^y ^ „,ouerties of soil 
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measurement that can be adjusted to give the 
minimum resistance. From the minimum re- 
sistance point of view, the value of 0 has been 
obtained for the ploughs of this experiment. 
Taking these values of 0, the probable depth and 
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^ (193T) The dynamic properties of soU, 
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TEN PER CENT PROBABILITY OF Z AND THE VARIANCE RATIO 

By V.G. Parse and G.R. Ayachit, Institute of Plant Industry, Indore, Central India 
(Received for publication on 3l xMay 1943) 

h’l^irFit iuid Tates [19381" have given tables levels 0'2 and 0-01. ' ■ 

of‘'/‘ and the variance ratio for four levels of The present tables were primarily prepared 
pmhibiiitY viz , 0-2, 0-05, 0-01 and 0-001. to make available to plant breeders ^ somewhat 
vSues of / for P=0-1 and the corres- less stringent test of significance in replicated 
ponding values of the variance ratio are present- . progeny row trials tnan thp conventional 5 per 
cd h”-" in Tables I and II. These will fill, cent level. ■ When continuous selection is 
up an important gap between the. probability . made either from crosses or from natural un- 
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selected material, the iiutinliy present genetic 
varicibilitv is gradually reduced to a level at 
whicli differences between progenies are fre- 
quently shown to be non-significant when the 
usual test of signiffcanee at the 5 per cent level 
is applied in the analysis of variance. This, how- 
ever, does not necessarily mean that all genetic 
variance is exhausted and the material rendered 
unsuitable for further selection. Actually, with 
the reduction of genetic variability and persis- 
tence of environmental variability, detection of 
small genetic differences becomes more difficult, 
particularly in characters such as yield, where the 
environmental variation is considerable. Due 
to the limited amount of seed produced ^^by 
single plants, there is also a natural limitation 
to the efficiency of the layout. On the other 
hand, it is desirable to make further selection 
where possible, even though it be with a lower 
degree of confidence in the genetic superiority 
of the selected progenies, rather than discard 
the whole material. The reason is that once a 
start is made with variable material, the 
chances of securing maximum progress are 
greater by accumulating small improvements 
resulting from continued selection in this 
material, than by replacing it by fresh material 
except w^hen such fresh material possesses a 
higher initial variability. Under these condi- 
tions, a z test at ten per cent level of signifi- 
cance and a corresponding t test are likely to 
prove useful in exploring the possibility of mak- 
ing further selection. 

The use of ten per cent values oi z was sug- 
gested by Hutchinson and Panse [1937] in 
another and a slightly different situation in 
plant breeding. They recommended that nu- 
cleus stock of a strain that has been bred and 
distributed should be maintained by running a 
small progeny row trial in place of the present 
method of growing a number of typical, 
vigorous, productive plants to provide the nu- 
cleus. In analysing the data of the progeny 
row trial, a table of z for P=:0*1 will be of 
great value, as a plant breeder will be ready 
to discard a progeny if he knows that the odds 
are ten to one that it is lower yielding than the 
standard. 

The present tables are based on the tables of 
Incomplete Beta Function for P = 0*1, prepared 
by Miss Catherine Thompson [1941], Fisher 
[1935] has given the distribution of 2 : as, 

2 ' 2 ) ‘ 

q ^q 


Where % .and are the degmuB of freedom of the 


'two variances to be compared and 
The distribution is related to Beta-distributions 


through a?,, the argument, of the Incomplete Beta- 


Function, being equal to 


% 6^ +«g 


■“j'i.e. tol — 


The values of are tabulated by Thompsto* 
Conversion from x to and to, the variance ratio 
was a simple matter, 

.Values of z and the variance ratio are given 
in Tables I and II for aii values of % up to 10 
and of up to rSO. Beyond these points, inter- 
polation can be made, where necessary, by 

using - as the variable by the method given by 

Fisher [1936], since the values of % beyond 
10 and of beyond 30, given in the tables, 

are in harmonic progression. For larger values 
of % and % that is when is greater than 
40 and % greater than 60, it is desirable to cal- 
culate the values of z from Fisher’s asymptotic 
/ormula as mocliffed by Cochran [1940], For 
P=0.1 the modified formula is: 

^ 1-2816 /l 1 \ 

^= "- 7 =—— — 0 *6071 f — — ^ I . 

where . ^ = ^ .-f 

h ni no 


In his introduction to Miss Thompsoii’s 
tables, Pearson had stated that tables of the 
variance ratio for different levels of probability 
including 0*1 had been prepared and it was 
hoped to include them in a new edition of Tables 
for Statisticians and Biometricians. Since 
then these tables calculated by Miss Thompson 
have been published in Biometrica (Vol. 
XXXIII, pages 78-79, 1943); but the present 
tables which w^ere independently computed by 
us are being published here, with the full con- 
currence of the editor of Biometrica, to make 
them readily available to plant breeders and 
other research w^orkers in India. 


The work was carried out as part of the 
Cotton Genetics Research Scheme financed by 
the Indian Central Cotton Committee. 
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The increase in the production oT rice rcsts 
in general with the evolution of high-yieldi^^^^ 
strains suitable for different loeahties, and it 

suitable cultural methods are adopted for growing 

these strains the yield could further be enhanced. 
The study of the effect of different cultural treat- 
ments on the rice plant is therefore a very import- 
ant problem for all rice growing tracts. 

With a view to having a precise idea of the effects 
of the cultural factors, such as, time of planting, 
age of seedling, spacing, number of seedhngs per 
hole etc. on the yield of some selected strains ot 
rice of different ripening habits under the condi- 
tions obtaining at tlie Dacca Farm, a series of cub 
tural experiments were laid out in 1936-37 and 
repeated for a number of years successively, -ine 
present paper deals with the results of one of the 
experiments which was conducted in five succes- 
sive years, from 1936-37 to 1940-41. It involved 
three factors, vix. date of planting, strain of nee 
and spacing. 

Material and method 

The experiment comprised of the following three 
sets of factors : 

(1) Three strains of winter rice : 

(i) Latisail — ^with early maturing habit. 

(ii) Indrasail— with medium maturing habit. 

(Hi) Tilakkachari — with late maturing habit. 

(2) Six dates of planting : (t) 1 July, (ii) 16 July, 
nii) 1 August, (iv) 16 August, («) 1 September, 
/®'i) 16 September. 

(3) Three spacings: (i) Six inches, (ii) Nine 
inches, (in) Twelve inches. 

The factors gave altogether 6x3x3 or 64 
different treatments. Each treatment wa.s repli- 
cated three times giving a total of 162 unit plots, 
each measuring 9 ft.x20 ft. or about 1 /240th acre 
in area. 

Of the three factors included in this experiment,, 
the first alone, namely, varieties, is qualitative. 
In the case of this factor our object is only to com- 
pare the three varieties among themselves and 
decide which is the best variety and so on. But 
our object in the ease of the second factor, namely. 


date of planting, is not merely to make a compari- 
SOU between the six selected dates ; for, these dates 
are not likely to be more important than any other 
six dates separated by fortnightly intervals belong- 
ing to the range of time July to September. Our 
problem may he either (i) to predict the yield of 
the crop if the planting had been done on any date 
falling within the range of time covered from 1 Jul.y 
to 16 September, or («) to know whether the yield 
reaches a maximum on some date within ttas 
neriod In the second case we will be proceeding 
on the hypothesis that the yield will vary regularly 
as in a smooth curve having a single maximum at a 
date lying within the range of time covered m the 
experiment. We may therefore, say that we are 
•trying to fix the optimal date of tile yield curve 
which we have previous reason to believe will lie 
somewhere between LJuly and 16 September. In 
experiments of this nature, carefol planning is 
necessary, in the choice of the range and the num- 
her of points of time selected for experimental 
study. After doing the experiment for two^ or 
more years, it will he possible to arrive at a &st 
approximation of the optimal date, and ii t e 
experiment is modified by shortening the range of 
the points we will be able to fix the optimal date 
with greater precision, thus affording a gradual 
close-up study of this date. On the other hand, 
if the object of the experiment is merely to supply 
a sort of yield table for various dates of planting, 
irrespective of whether an optimal date exists or 
not, it will he necessary to select a large number of 
dates over as wide a range of time as is allowable 
under practical considerations. 

What have been said above regarding the dates 
of planting applies with equal force to the third 
factor, namely spacing. We can consider the 
three spacings selected, namely 6 iu-. 9 lU-, J2 in. 
as only convenient points to study the yield curve 
for a continuous range of spacings. Since three 
ordinates of the curve have been selected for study 
we are allowing for detection of any curvature m 
the curve which gives it a single maximum. It 
this optimal spacing lies between 6 ^d 13 in. 
it could he determined with some reliabihty. mt 
if the optimal spacing falls outside the range, the 
three points selected will He in one limb of the curve 
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almost along a straight line leading ns to a possibly 
wrong conclusion that there is no optimal spacing 
at all. The interpretation of yield curve for this 
factor is complicated by the fact that for shorter 
spacings, proportionately more plants will be grow- 
ing in the plot, resulting in greater total yield, 
unless the yield per plant is reduced as a result of 
closer spacing. Two different quevstions may be 
asked, namely, (i) wEat is the optimal spacing and 
hence the number of plants when a certain specified 
area is available for cultivation, (ii) what is the 
optimal spacing and hence the area of plot required 
when a certain specified number of plants is avail- 
able for cultivation. Generally, (i) is of more 
frequent occurrence than (ii), but the answer to 
both questions will be simultaneously available 
from our experiment. 

Layout 

The experiment was laid out in a long stretch of 
land of almost uniform fertility, in three blocks of 
equal size, each containing one complete set of all 


the treatments. The blocks were separated from 
one another by 'bunds for the facility of agricultural 
operations and to maintain in all the three blocks 
approximately the same depth of water during the 
growth of the crop. 

To facilitate cultiirar operations, the plots of the 
same date of planting were, first of all, laid out in 
long rows (or strips) and the positions occupied by 
six such rows corres])ondiiig to the different dales 
of planting, within each block, were determined 
at random. Likewise and for the same reason the 
plots under the three different strains of rice were 
distributed separately into three compact strips 
running across the rows and their respective posi- 
tions within each block were fixed up at random. 
Ultimately the three different spacings were assign- 
ed at random within each combination of date of 
planting and strain of rice. The layout plan of 
the experiment is shown in Fig. 1, from which it 
will be seen that we have adopted a combination of 
strip and split plot arrangements. 


OlAGRAMMATfC PLAN OF THE EXPCRIMENT 
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Fig. I. Layout plan 


The dates of planting and the strains of rice were 
the whole plot or strip treatments while spacing 
was the sub-plot treatment each with its apjjro- 
priate error. For the weights of grain and stjfaw 
the whole produce from each unit plot ^as 


gathered. 


Rainfall 


The five-day totals of rainfall in the Dacca Farm 
during the season for . each of the five yeai's^ 
and the total number of rainy days during each 
five-day period, are shown in Table I. The normal 
rainfall for each month is also given to help study 
of seasonal variation in yield. 

Analysis of data and discussion of results 

T^he analysis of variance of the yields of grain and 
straw of all the five years are shown in Tables IIA 
and IIB. To economize space only the values of 


variances have been given. There are four differ- 
ent error variances associated with soil variation 
between plots of the four different sizes occurring 
within each block. The various main effects and 
interactions have been so arranged that variance 
diie to each of them can be tested for significance 
against its appropriate Error Variance, 'which 
appears just below it. The error variances have 
been numbered (I), (II), (III), (IV) for identifica- 
tion. 

From Table IIA, we find that the only effects on 
yield of grain which were significant in every year 
are variations between dates of planting, and be- 
tween spacings and the interaction between dates 
of planting and spacings. All of them are highly 
significant at 1 per cent level. In 1937-38 alone 
some of the interactions between strains of rice, 
date of planting and spacing came out significant, 
but being an isolated result we need not attach any 
significance to it. 
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Table I , 

Pim-day totals of rainfall in inches at Dacca Farm 


No. of 
rainy 
days 


•Period 


March 


6—10 
11 — ir> 
ir>— 20 

21—25 


Total 


6 — 10 . 

11—15 

36—20 

21—25 

26—31 


6 — 10 . 

11—16 

10—20 

21—25 

26—30 


Total 


Aimsi 


6 — 10 . 

11—15 

16—20 

21—25 

26—81 


September 


6— 10 

11—15 

16—20 

21—25 

26—30 


Total 


Oetober 


November 


6—10 

11—15 

16—20 

21—25 

26—30 


Total 


0*09 

, ■ \ 

2 

1*80 

5 

0*46 

„ 5 1 

0*62 

3 

8*76 

5 

0*06 

1 

0*74 

5 

2*78 

4 

1-00 

4 

0*44 

3 

18-97 

6 

0*74 

4 

30*92 

27 

6*43 

20 

13*09 

5 

3*22 

4 

1*42^ 

4 

4*77 

4 

1*87 

4 

0*62 - 

4 

1*49 

4 

0*06 

1 

0*54 

4 

0*34 

8 

0*70 

3 

2*49 

4 

' _ I 



1936-87 

Pain* 1 

No. of 

fall 

rainy 


days 

Nil i 

N il ' 

• Nil, ; 

Nil 

Nil ' • 

' Nil' ’ 

0 • 13 

1 . 

'!• Nil 

Nil 

.1 1-78. 

;■ ^ 

1 1*01 

3 

1 " 0*26 

! 1 

1 1*36 

2 

■i .'Nil 

Nil 

1 1*17 

, 2 

. i ■Nil- 

Nil . 

i Nil 

Nil 


1938-39 

, 1939-40. i 

1940“41 1 

Normal 

Eain- 

fall 

No. of 
rainy 
days 

Bain- 

faU 

"1 

No. of .j 
'rainy ■ i 
days^ 

Bain- 

fall 

No. of 
rainy 
days 

ramtaii 
for the 
month 

Nil 

’ Nil 

Nil ' 

■■1 

Nil ! 

0*69 

■'■ ■" '2 '■ '■ 


Nil 

Nil 

Nil 

Nil 

0*04 

1 


0*40 

1 

Nil 

Nil 

0*10 

...■. 1 ■ 


Nil 

Nil 

0*32 

1 ■ 

0*85 

2 


Nil 

Nil 

Nil 

Nil 

0*71 



■Nil 

Nil 

0*98 

2 . 

0*62 

..... 2' 


0*40 

1 

1*30 

3. .i 

3*01 

10 

1*06 

0*06 

1 

Nil 

Nil i 

Nil 

Nil 1 


0*81 

1 

0*16 

2 i 

Nil 

Nil 1 


0*40 

1 

. Nil 

Nil ! 

Nil 

Nil 


0*34 

1 

Nil ' 

Nil i 

0*56 

.1 : 


1*71 

3 

0*08 

" ■ 1 ! 

0*17 

I ; 


1 1*99 

3 

0*04 

1 1 

Nil 

Nil I 

1 

5*31 

10 

0*28 

i 1 

0*73 

2 ' 

1 3*22 

4*08 

4 1 

0*66 

1 

0*17 

i ■ '1 


0*45 

■• 4. ) 

2*42 

:. 4 

1*30 

1 , .1 


2*37 

i' 2 

Nil 

Nil , 

0*55 

2 


1*75 i 

3 

0*99 

2 * 

0*67 

1 


2-70 

2 

1*27 

1 1 ' 

4*72 

5 ; 


8*51 

5 

. 0*49 

1 

1*19 

,1 ' i 


, 19*86 

20 

1 5*83 


1 8*60 

11 

{ 10*09 

i 0*11 

3 

1*30 

3 ’ i 

Nil ■ 

Nil 


i 0*25 

3 

0*97 

3.' . 1 

1*91 

2 


1 2*96 

5 

0*97 

4 ■ 

4*46i 

' '5'' 


' 2*02 

4 * 

0*53 

5 

3*32 

s 


'i 1*64 

3 

3*71 

5 

Nil 

Nil 


4*71 

3 

2*34 

5 

0*23 

3 
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Total 

O' 06 

■ 2 

0*05 

1 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

•■O' 21.' 

1--5 . 

Jmmry 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 


6—10 


Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

! 

11—15 


Nil 

Nil 

0*30 

1 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 


16—20 


Ni! 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 


21—25 


Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil' 

Nil 

0*14 

1' 


20—31 


Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

0*59 

I 



Total 

Nil ' 

Nil 

0*39 

1 

Nil 

Nil 

Nil 

, Nil 

0-78 

2 . 


1—5 , 

February 

■ Nil' 

i 

Nil 

0*05 

1 

Nil 

Nil 

Nil 

Nil 

i Nil 

■Nil 


6—10. 


0-09 I 

1 

Nil 

■Nil 

: Nil 

Nil 

Nil 

■ , Nil 

i Nil 

Nil 


11—15 


: 1*85 ' 

' 3 ■ . 

1*06 

2 

0*45 

1 

0*31 

1 

; Nil 

Nil 

[■' ' , ; 

16—30 


Nil 

Nil 

0*11 

1 

1 Nil ■ 

Nil 

Nil 

Nil 

1 2*95 

1 


21—25 ' 


! 0*74 1 

2 

Nil 

Nil 

Nil 

Ni! 

Nil 

Nil ^ 

Nil 

^ Nil ' ] 

i 

26—28 

\ ' . .. , . ' , 1 

■ Nil i 

Nil 

NU 

Nil 

i Nil 

Nil : 

1*36 

o 

1 Nil 



*♦20 . 



... 

i ••• 

1 

i 

**' . i 

0-47** 

■ 1 

! 




Total 

2*68 

1 « 

1 1*22 ^ 

1 . 4 

1 0*45 

1 

2-14 ; 

4 

2*95 ^ 

1 

1*32 


** Ie case of Leap-year only 

In case of yield of straw also, Table IIB points 
to similar conclusions as in the case of yield of 
grain for the main effects of dates and spacings. 
But their interaction is not significant except in 
one year, additional feature is that the varia- 
tions due to strains of rice is significant at 5 per 


cent level in three out of the five years. The 
interaction : Dates of Planting X Strains of rice, is 
significant at 1 per cent level in two years, whereas 
the three-factor interaction is significant at 5 per 
cent level in only one year. 


Table IIA 

Analysis of mriame {yield of gram in tolas) 


( 

Degrees of 


Variance 




free- 

dom 

193G-37 

1937-38 

1 

1938-39 

1939-40 j 

1 ! 

1040-41 

Block .... 

2 

814S2-34 ; 

72258-67 

10676*08 i 

78413-57 

81443-19 

Strain of rice 

2 

92740*63 

210426*89 

19677*00 i 

* 62027-46 

42192-12 

Error (I) . , i 

4 

53151*38 . 

38492*11 

17937*65 i 

9905*51 

25239*21 

Date of planting . 

" ■ 5 . ■■ '^ 

446908-51** 

617315-36** 

362845-34**1 

329354-27** 

525175-37** 

Error (II) . 

io 

13999-35 

24433-10 

21490*15 ; 

18774-13 

21195-87 

Date of planting x Sti*ain 
of rice 

10 

13029-22 

i728'7*81* 

6964*41 : 

13787*02 

12703-41 

Error (III) . . . 

: 20 

62?9-25 ! 

6778*20 

1134M7 I 

5804*58 

12308-17 

Spacing 

2 

35956-28**: 

135574 *52** 

84746-45**1 

00535-80** 

78208-03** 

Spacing x Date of planting 

10 

14234-69** 

15000 '42^* 

18798 -30**1 

18686-35** 

203-56-74** 

Spacing x Strain of rice . 

4 

4350-11 

1570*07 

5666-36 j 

3856*04 

6484-70 

Spacing x Strain of rice 

X Date of planting. 

20 

3941-37 

15178-19** 

5400*99 : 

4164*99 

309-77 

Error (IV) . 

72 

3589-86 

6982*82 

6359-57 

3202*01 

5448-02 


N* B. — Items marked with oixo and two asterisks are both significant, tlie former at the level of 5 per cent 
probability and the latter at the level of 1 per cent probability 
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The determiimtioii of straw yield was not done as 
aocurately as in the case of grain,. .After threshing,, 
both grain and straw were left in .the sii.ii ,and: their 
weights were taken when dry. In the., former case 
the drying was done for quite a long time with such 
care that more or less a constant weight was reach- 
ed, while in the case of the latter so mnch care could 
not be taken. There was therefore no guarantee 
that the extent of drying nf straw was, comparable; 


in each season. The standard error |)er plot for each 
of the different plot, sizes has. been calculated as a 
percentage of the mean yield for both grain and 
straw in each of the five, years. .This is given in 
. Table III. ' It will be seen that the standard error 
was greater for straw than for grain. Also, while 
the valnes of S. E. per cent for the varions years 
are more or less steady for grain, - there are ^ wide 
flnotnatioiis ill the case of straw. ; 


, , , Table II B: 

Amhjsis of mriance {yield of straw m tolas) 


Variance 


Degrees of 



1 A; .j 

■ ■■ ' ' ■ ■ ;■ j 

■free- 

dom 

j 1936-37 

1937-38 

1938-38 1 

1939-40 

1940-41 : 


i 

Block . . . . i 

' 

■'■■■ 283285*34 ' 

1161858*25 

186941-82 

837551*08 

A30433-91 • 

1 

Strain of rice . . 1 

2' ■..■■' 

1361896 •46* 

787239-43 

1458553 - 84 

975029-79* 

1751933-66* 

' 

Error (I) 

■■ A' 

132 180 -48 

483906-39 

334731-64 

91058*95 

104037*55 


Date of planting . « j 

5 

3159798-02** 

5418854-55** 

4120980-16** 

2558610-62** 

446267D;27*’* 


Error (II) . . . | 

' 10' ■ 

46059*97 

532764*04 

347809-60 

218019 *97 

294997-69 

; 

Date of planting X Strain 
of rice i 

10' ' , 

101429-97** 

92033*62 

73283 *86 

16700*90 

178403-57** 


Error (III) . 

20 

20639-78 

81066*52 

82291*08 

' 16231*73 

35193*14 

1 

Spacing . . . : 

2 

960824-23** 

2371421*80** 

637523*30**' 

634277-94** 

698418-74*=* 

1 .1 ' 

Spacing X Date of planting 
SpacingxStrain of rice . ; 

10 

13377-76 

74885*15 ' 

, 27116*64 

10506*27 

64789*65* 

li i 

4 

22535-34 

46467*73 

37471*46 

18840*66 

3767*60 

;i ! 

' Spacing X Strain of rice ! 

X Date of planting 1 

20 

26492-75* 

2103*43 

34199*78 

17363*72 

23099*62 

i 

1 : I 

MtTox (IV) . . . J 

72 

15867-66 

51618*28 

1 61076*69 

12959*88 

15868*47 


jy. B . — marked with on© and two asterisks are both significant, the foimer at the level of 5 per cent 
probability and the latter at the level of 1 per cent probability 

Table III 

Standard error per cent per plot 


Year 

Error,' ,1,,'"' 

— — 

Error II 

■■ .'E.rror III 

.Error IV: 

Grain 

Straw 

Grain 

Straw 

' Grain 

Straw 

Grain 

Straw 

1936-37 . 

- 

52-14 

55-04 

20*75 

32-40 

17*92 

■ 21*75 

13*55 

19*07 

1937-38 . 


37*97 

59*97 

30*24 

02*93 

: 16-93 

24-56 

16*17 

19*59 

1938-39 . 


30*28 

70*27 

33*15 

71-63 

24*08 

34*85 

18*03 

30*01 

1939-40 . 


24*42 

63*86 

33*62 

98*79 

18*70 

26*96 

13*79 

24*08 

1940-41 . 


40*53 

48*65 

37*14 

81*89 

, 28*32 

28*29 

19*08 

19*00 


Since only the two factors, date of planting and 
spacing indicated significant effects every year on 
the yield of grain and straw the mean yield in 
tolas per plot for each combination of these two 
factors are given in. Tables IVA and IVB. The 
standard errors for comparing the means of dates 
of planting and of spacings are separately given. 

We note that the yield of grain is greater for the 
second date of planting than for the &st date ; and 


for the third and later dates, the yield registers a 
progressive fall. But yield of straw is greatest 
for the earliest date of planting. Similarly out of 
the three spacings, 6 in. gives the best yield for 
both grain and straw ; the wider spacings of 9 in. 
and 12 in. giving progressively lower yield. This 
result is consistent over all the five years, although 
the five seasons give widely varying mean yields, 
namely, 442, 517, 442, 407 and 392 for grain and 


i,. 
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661, 1160, 823, 673 and 663 for straw. To test, 
whether these variations ...between .years and their 
interaetiDns,:.. with.. ..o.ther... factors', are significant' a 
combined analysis of variance of the five years data 
can be done, provided the error variances are not 
significantly difterent. This latter point was in- 
vestigated by an approximate Chi-square (x^) test 


■ introduced A.>y Yates ami Coeliran [1038]. The 
values of ,x^ are given in Table Y. We find that 
none of the .values of Chi-square is signifujaiit In the 
casC' of grain, which means the error %-ariaiices are 
comparable and a pooled anaWsis of variance ad- 
missible. .In the ease of straw the pooled analysis 
is not valid and was not therefore undertaken. 


Table IV A 

DaUs of planting x Spacings {mean yield of grain in tolas per phi) 


Spacings 


Dates 

of plantms 


. - . 

Mean 

Standard 

July 1 
(1) 

July 16 
(11) 

Aug. 1 
(III) 

Aug. 16 
(IV) 

Sept. 1 
(V) 

Sept. 16 
(VI) 

Error 

(Spacings) 

1936^37 

(a) 6 in. 

(b) 9 in. . 

(c) 12 in. . 

Mean .' . . . 

Standard Error (dates 
of planting) 

504' 11 
557-78 
568-44 
543-44 
22-77 

583-22 

556-89 

591-00 

577-07 

519-89 

499-00 

470*33 

496-41 

485-89 

441-11 

414-22 

44-7-07 

433-44 

347-22 

292-78 

357-82 

292-78 

226-89 

175-89 

231-85 

■ 469-89 
438-15 
418-78 
442-27 

8-17 

1937^38 
(a) 6 in. 

{b) 9 in. 

(c) 12 in. 

Mean . . 

Standard Error (dates 
of planting) 

639*11 

655-11 

636-89 

643-70 

30-08 

683-11 

662-00 

603-56 

649-56 

680-67 

619-56 

566-00 

622*07 

567-78 

503-78 

396-67 

489-41 

495-56 

452-89 

325-33 

424.-52 

328-67 

219-78 

265-56 

271-33 

■■ 

565-81 

518-85 

465-67 

516-78 

11-37 

1938^39 

(a) 6 in. . . 

(61' 9 in. 

(c) 12 in. 

Mean 

Standard Error (dates 
of planting) 

516-67 

498-89 

576*67 

530-74 

28-21 

581-11 

593-33 

'504-44 

559-63 

521-11 

462-22 

451-11 

478-15 

477-78 

482-22 

410-00 

456-67 

470-00 

394-44 

303-33 

389-26 

. i 

308-89 

25M1 

157-22 

239-07 

479-26 
■ 447-04 
400-46 
442-25' 

10-85 

1 

1939-40 
(a) 6 in. 

(5) 9 in. 

(c) 12 in. 

Mean . 

Standard Error (dates 
of planting) 

472-11 
512-00 
545-56 
509-89 
26 -ST 

518-33 

529-56 

491-11 

513-00 

489-22 
153-11 
400- XI 
447-48 

468-44 

431-00 

338-22 

412-52 

1 . 

1 

420-67 

335*56 

248-56 

334-93 

290*67 
' '237-67 
153-46 
227*26 

443-24' 

416-48 

362-83 

407-50 

j 

1 ■ 7-71 ^ 

1940‘41 

(а) 6 in. 

(б) 9 in. 

(c) 12 in. 

Mean 

Standard Error (dates 
of planting) 

487-89 

493-00 

511-56 

497*48 

28-02 

580-11 
540-56 
507-11 : 
542*59 ! 

514-44 

428-78 

418-22 

453-82 

396-78 i 
400-89 
339*78 1 
379-15 

401-78 
325-11 
232-22 ^ 
319-70 

200-11 
161-67 
! 115-56 

i 159-11 

! 430-10 

391-67 
354-07 
391-98 

i 10-04 

, 1 


for grain yield. The appropriate error variance to 
test the effect of years is the item blocks X years 
with 8 d. f. We find that when so tested the effect 
of years is highly significant. There are only four 
othor effects, namely, main effect of dates, main 
eiTect of spacings, main effect of strains and the 
interaction between date and spacing which are all 


that there is no interaction between years and any 
of the factors, vstrains, dates or spacings. We 
have therefore got a definite picture of the influen- 
ces of date of planting and of spacing which 
should he applicable to a wide range of seasonal 
conditions obtainable at Dacca if the five years 
under consideration give a fair sample of seasons. 





Straw 


Grain 


Straw 


Grain 


Grain 


Straw 


Straw 


Grain 




TllJE ils|J3I^^ JOUmto OF AGiilCULtOBAJi - ,■ 

Table IV B 

Dates of plant ing X Spucifigs (^nemi yield of straw in tolas per plot) 


Table V 

Values of for Error Variances 


Years 


Degrees of freedom 


Dates of planting 


Spaeings 


(a) 6 in* 

(b) 0 ill. 

(c) l:J in. 

Mean 

Standard Error (<late.s 
of planting) 

{a) 6 in. 

(6) 0 in. 

(c) in. 

Mean 

Standard Error (dates 
of planting) 

2938-39 
(o) 6 in. 

(6) 0 in. 

(c) 1’2 in. 

Mean 

Standard Error (dates 
of planting) 

1939 - 40 
{a) 6 in. 

(6) 9 in. 

(c) 12 in 
Mean 

Standard Error (dates 
of planting) 

1940 - 41 

(а) 6 in. 

(б) 9 in. 

(c) 12 in. 

Mean . 

Standard Error (dates 
of planting) 


July 1 

(I) 

July 16 
(11) 

Aug. 1 
(111) 

Aug. It) 
(IV) 

i Sept. 1 

1 (V) 

1 

f 

Sept. 16 
(VI) 

Mean 

l32Mi 

1132*22 

860-00 

71M1 

487-78 

352-78 

810-83 

1066 -a? 

004-44 

671*11 

476*11 

299-44 

252*22 

611-67 

997-78 

821*11 

689-44 

421*11 

248-89 

177*78 

559* 35 

1128-52 

952-59 

740-19 

536*11 

1 345-37 

260*93 

660-62 

41-32 






■ 

1868-44 

1693-33 

1630-22 

1463-11 

794-67 

752*00 

1366-96 

1859-00 

1336-22 

1336-89 

1160-00 

739-56 

562*67 

1164*63 

1595 * 56 

1088-44 

1115-56 

800-67 

529-78 

467*56 

947*93 

1772*15 

1372- 67 

1360*89 

1171-20 

088-00 

594*07 

1159*84 

140*48 







1462-22 

1232-22 

886*67 

91M1 

607-78 

482-22' 

930-19 

1388-33 

1167-78 

714*44 

755*50 

507-78 

427*78 

826*04 

1437-78 

1035-56 

567*78 

588 • 89 

403-33 

266*67 

712*96 

1421*67 

1145-19 

722*96 

751*85 

506-30 

392-22 : 

823-36 

113*50 





/j 


1354-44 

935-66 

728*80 

736-67 

■ I 

501-11 

440*00 

784*63 

• 1216*11 

808-89 

603-33 

577-78 

395*56 

412*22 

669-98 

! 1058*33 

705-00 

555*56 

471-11 

308-89 

207*78 

566-11 

1209*63 

89*90 

816-48 

629*26 

558-15 

401*85 

383*33 

672-62 



1 




— 

1380*00 

1258-80 

817-78 ' 

546-00 

467-78 

258*11 

788-09 

' 1317*78 

866-67 

504-44 

490-56 

364-11 

272*78 

636-06 

; 1200*00 

835*56 

563-66 

395-33 

264-89 

142*78 

565-35 

! 1299*26 

f 104-53 

I 1 

987*04 

625-26 

477-30 

365-59 

224-56 

663-17 


Standard 

Error 

(Spacings) 


1936- 37 

1937- 38 

1938- 39 

1939- 40 

1940- 41 


♦Significant at 6 per cent level 


Error (I) 


Error (II) 


Error (III) 


Error (IV) 


7-34 

2*31 

7-01 

1*60 

18*50* 

12*56 

8-77 1 

35-90 

36-27 

5*28 , 

8-45 ! 

12*22 

13-56 

34*43*i 

69-83 

118-07* 

2*48 

5-84 ! 

10*75 

12-08 

22*68 

34*95* 

63-60 

139-71* 

1-37 

1*59 i 

9*40 

7*57 1 

11*61 

6-89 

32-02 

29-64 

3*49 

1-80 ' 

10*61 

10*24 

24-62 

14*96 

54*48 

36-30 
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Table VI 

Combined analysis of variance 3 years {yield of grain in tolas per plot) 


Blocks . . . . . ■ • 

Years . , . ■ , . . . . ‘ 

Blocks X Years . . ' . . . . . 

Strains of rice . . , . 

Strains of rice X Years . . ..... 

Error (I) ' . . . . . ^ . 

Dates of pianting . . . . 

Dates of planting X Years 

Error (II) . . . . . . . . 

Strains of xice X Dates of planting . . • ’ • 

Strains of rice X Dates of planting X Years 
Error (HI) . . . . . . . . 

Spacings . . . . . • • • . • 

Spacings x Strains of rice . . . 

Spacings x Dates of planting ...... 

Spacings x Dates of planting x Strains of rice . 
facings X Years . . 

Spacings X Strains of rice X Years . . . 

Spacings X Dates of planting X Years . . . . 

Spacings X Dates of planting X Strains of rice x Years 
Error( IV) . . . . . . . . . 

Total 


Degrees oi 
free- 
dom 

Sum of squares 

Variance 


51il98*3'7 

'255599-19 

! 4 

1501149-44 

375287 -SO’*'* 

8 " 

137349-33 

17168-67 

! 2 " 

391931-35 ■ 

195965-«57** 

; , 8 

462196*87 

57774-61 

1 20 

578903-52 

28945-18 

; 5 

11147209-17' 

2229441-83*’*' 

1 20 

260785-11 

13039-25 

1 50 

998925 -95 

19978-52 

1 - 10 

260161-27 

26016-17 

! 40 

! 377557-47 

9438-93 

! 100 

1 850227-29 i 

8502-27** 

1 2 

i ' 809074-63 : 

404537-31. 

! 4 

i 31600*48 ^ 

790<1*22 

' 10 

I 578710^.79,.: 

57871-08** 

1 20 

175098-77 

r ■ 8754-94 

I 8 

40965-52 

1 5120-69 

i , 10 

56205-07 

3512-85 

1 40 

192054-24 

1 4801-30 

80 

504709-68 

i 6308-87 

360 

1841924-56 | 

51 16 -46 

809 

i 

! 21707939-48 

! . i 

■ ' ' * '. , 


Since tlie main effect of strains of rice when 
at^eraged over the five seasons has come out signi- 
ficant, it is necessary to indicate which variety is 
best. Table VII gives the mean yield per plot of 
each variety in each of the five seasons. 

Table VII 


Mean yield of grain of the varieties {in tolas per plot) 


Year ■' 

, , 'i 

Strains of Rice 

Critical 
differ- 
ence at 
5% 
level 

Varieties 
which are 
signifi- 
cantly 
different 

A..: 

Latisail 

, ! 

, 

B. 

Indra- 

sail 

C. 

Tilakka- 
• chari ! 

1936-67 . . ! 

476-52 

396-20 

454*09 

I 123-17 

nil 

1937-38 . . 

584-70 

503 70 

461-93 

104-82 

A>0' 

1938-39 . 

425-93 

463*24 

437-59 

68-23 

nil 

1939-40 . 

446-57 

390-15 

385-83 

53*16 

A Br- ; 

A> C 

1940-41 . 

1 422*43 

367*48 

386-02 

' 84 86 

nil 

All years . 

1 471'23. 

424 15 

425-09 

30*54 

A> B ; 

A > C , 


The influence of date of planting and of spacing 
require a closer study. It is not enough if we 
decide in favour of one among the six dates chosen, 
or one among the three spacings. Both these fac- 
tors are measurable and it is quite possible that the 
yield can be expressed as a mathematical function 
of the date or of spacing or of both. Once that 
mathematical function is determined with preci- 
sion, the picture becomes objective and more com- 
plete than what the figures of I'able IV could give. 


We can, in fact, pose the question, what date of 
planting between 1 July and 16 September is likely 
to give the maximum yield for grain. What spac- 
ing lying between 6 and 12 inches will likewise 
give the best yield ? Will this optimum date 
vary with the {spacing or the optimum spacing vary 
with the date as is possible on account of the inter- 
action between date and spacing ? All these ques- 
tions have been answered in the further analysis 
taken up below. 

Since there are six dates of planting, which 
though not exactly equidistant may be assumed to 
be so, we can plot graphs marking the dates along 
the axis of X and yield along the axis of 7. Four 
graphs can be obtained for each spacing and the 
mean of the 3 spacings as shown in Fig. 2. A 
fifth degree polynomial oan be fitted at the most, 
but usually even a smaller degree curve gives quite 
an adequate fit. Another set of seven graphs 
where the spacings are marked along Z-axis and 
yield along 7-axis can be prepared as in Fig. 3 for 
each di^te^pf planting and the mean over all dates. 
Here ^Second degree polynomial can be fitted. 
Whether a smaller degree, namely, straight line 
will be adequate can be tested by analysis of vari- 
ance. Whenever the 3 curves obtained for yield- 
date relationships at different spacings are mutually 
parallel, or the six curves obtained for yield-spacing 
relationships at different dates of plantings are 
mutually parallel can also be tested by further 
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line.' This, is wlij we found the 1 d. f. for date 
.(ist'degree)'X spacing (ist degree)_ significant. The 
values of 0 show a' tendency of decreasing magni- 
tude with increase of spacing but except in two 

,, i.srjuiy, ■ 


^ of variance of the interaction..:. Date X' 
'. This detailed analysis has been done in 
VIIIA and VIIIB ibr grain and ' straw 
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ifttjuly. JSfhjuly. isfAu^. isiH fst sesl , f6^^i3e(»l Q 9 \z 

Oates of IraRSj^anUlion Spacing 

Fig. 2. Yield-date curves for diU'ereiit spacings Fig. 3. Yield^spacing curves for different 

dates of transplanting 

years (1937-38 and 1940-41) this tendency is not 
significant as can be judged from the variaxice due 
to date (2nd degree) X spacing (1st degree). 

The standard error of B and (7 have been calcu- 
lated using the following formulae (see Appendix). 

S. E. of B for / 2 , /Error (11) + 2 Error (tV)\ 
each spacing^- y ^15 I;-"”'-': ' ~ 

S.E. of a for-" riT^f^oT'iUjV^ 
each spacing^ y' 330 \ ; 3 j 

The appropriate test of significance of individual 
values of or 0 , is available in the Behrens and 
Fishers test for which Sukhatme [1938§ has pub- 
lished tables. We have to enter this table with 

^^ ===10, % =r= 72 and tan^O ft 

be immediately noted that at 12 in. spacing the 
^a+hx+cx^ ' values of G are not likely to be significant. The 

The values of A, B, C obtained for each spacing yield-date curve for 12 in. spacing must therefore 
is given in Table IX. We note that the three be virtually taken as a straight line. Owing to the 

values of B increase in magnitude with increase in existence of a curvature in the yield-date curve 

spacing and, if plotted, lie almost on a straight within the range of dates studied, when the spacing 


It will be seen that the yield-date relation can be 
adequately represented in the ease of grain by a 
parabola of the form. 

Y — a-]-hx+cx^ 

where r=yieid, a; = date of plantmg 
In the case of straw the relation is adequately 
represented by a straight line. Similarly the yield- 
spacing relationship for both grain and straw are 
given by straight lines. 

The detailed analysis of variance of the 10 d. f. 
for the interaction date x spacing of the grain yield 
reveals that the significance of this item is mainly 
due to 1 d. f . belonging to what we have called 
date (1st degree) X spacing (1st degree). Now the 
yield-date curve for any spacing in. or 

12 in. is obtained by the formula 
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Table Vm A 

Detailed analysis of variance— dates, Spacinga, and Dates x Spacings (yield ofijrnin in tolas) 


Degrees | 


TariaBce 



of free- 
doui 

1936-37 

1937-38 

1038-39 

f 

1939-40 

1940*41 

.'Dates— 


. 





Ist degree 

1 

1978736-36'^ 

'2748498-14* 

1628888-00'* 

1515663-76* 

2287334-66* 

2nd degree 

1 

222669 • 08*^ 

286976-26* 

226300-28* 

116616-04* 

266868-78* 

3rd degree . ' 

1 

4637*63 

8897-90 

4850-01 

108-76 

4185*21 

4tli degree 

1 

19625-08 

6876-19 

41407-44 

7224-30 

67395-56 

5t}:i degree . ' " . 

1 

9084-62 

35328-34 

12780-07 

7158 -60 

92-66 

To'tal 

5 

426908- 51»* 

617316-36** 

.302845-34** 

.. 329364-27** 

525175 -37** 

Error {11) 

10 

13999-35 

24433-10 

21490-15 

18774-13 

141 

00 

<1 

Spucings — ■ 


70533-33’^ 





1st degree . . 

1 

270800-69* 

167639-12* 

174564-48* 

156408-33* 

2nd degree . 

1 

1377-23 

348-44 

1863*78 

6507-11 

7-72 

Total 

2 

35965-28'^* 

1.36574-52** 

84746-45** 

905.35-80** 

78208-03** 

Dates xSpacings — 


r ■ ' ■ r, , 

121284-96* 



1 ! 


Dates (1st deg.) X 
Spacings ( 1 st deg. ) 

1 

25749-64* 

113050-98* 

j 142167-82* 1 

1 

40278-87* 

Dates (2nd deg.) x 

1 

6751-34 

60901 •59* 

7080-52 

2936-00 i 

16204-35* 

Spacings (1st deg.) 


1124-83 





Dates (1st deg.) X 

1 

12089-31 

5931-28 

10-79" 

2097-85 

Spacings (2nd deg.) 


/ 1.333-04 





Dates (2nd deg.) x 
Spacings (2nd deg.) 

1 

13412-70 j 

4104*77 

343-36 

0-006 

Dates (deviation from 

6 

1975-46 

6308-60 ; 

9484-91 

6900*93 

24154-39 

2nd degree curve) x 







Spacings 


i 


■ j 



Total . i 

i 10 

I 14234-69**1 

15000-42** 

18798-30** 

18686-35** 

20356- 74** 

Error (IF) . 

^ '■ n 

3389-86 1 

6982-82 

6369-57 

3202-01 

5448-02 


* Significant at 6 per cent level 
is at 6 in. and 9 in. we are in a position to deter- 
mine the best date of planting whieh is given by 
1/5 


The values of jp have been worked ont in Table 
IX for 6 in. and 9 in, spacing. The standard error 
of ^ is calculated from the approximate formula 
B /7S.ETdrSY^'“7S.Eof^ 

S.E. of p^ V B :/ +v — c ~ / 


Fixing the values of p on the calendar we find 
that for 6 in. spacing, the best date of planting is 
invariably after the 2nd date used in the experi- 
ment, namely, 16 July. There is remarkable 
closeness in these optimum dates for various years. 
They are actuaUy 21, 18, 21, 23, and 17 Jxdy in the 
respective years. The standai’d error of each 
estimated best date is about six days. For the 
9 in. spacing the best date is between 1 July and 
16 July except for one year, 1938-39 when it falls 
on 27 July. In the other years the dates are 1, 


** Significant at 1 per cent level 

10, 2 and 8 July for 1936-37 to 1940-41. The 
standard error of these dates are higher tlian for 
the 6 in. spacing, and vary between 9 and 17 days. 
We cannot therefore make a very rigid location of 
^ the best date of planting. But the procedure 
followed in the statistical treatment of the data 
indicates lines of re-plamiing the experiment to 
achieve the purpose of fixing the best date. 

In the case of yield of straw, Table IVB shows a 
downward linear, trend with advancing date of 
planting and also with increase of spacing. There 
is no interaction between the two linear trends. 
We can only say that the. earlier the date of plant- 
ing the greater the yield of straw and that the 
wider the spacing between the plants tiie smaller 
the yield. 
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Table VIII B 

Detailed (fjudt/sis €>f — Dales y Bpact^igSy atid Dates X Spacings {yield of sit aw in tolas) 



' 

Degrees 



Variance 



. " . , ■■ ■■ ■ ■ ' ■ 

of free- 
dom 

1936-37 

1937-38 

1938-39 

} 

1939-40 

1940-41 

' ' ' ■ 

^ 

Dates — 



■ 

19089472-50** 

11286805*83’*'* 

, ■ 

.21040814*76** 

1st degree 

1 

166201G5-29** 

25619611-60** 

2nd degree 

3rd degree . . 

4th degi*ee 

5tli degree 

1 

95148*19 

41229*67 

741362-44 

1098548*16 

1107601*73 

I 

79691*85 

17266*99 

93746*71 

179124*49 

27936-30 

1 

2235*45 

1503127*12 

35160*83 

144309*56 

104361*75 

1 

1749-34 

12793*50 

632616*37 

86256-84 

321 14 *88 

Total 

5 

■ 

3169798-02** 

541 8854 -ad** 

4120980-15** 

2558610-52** 

4462671* 27** 

Error {II) 

10 

46059*97 

532764*04 

347809-60 

218019*97 

294997-59 

EpaeinyB — 

1st degree 

1 

1707669- 07** 

4740985-04** 

1274008-33** 

1267500*00*’*' 

1339662-81** 

2nd degree . . 

1 

194089-20** 

1858*57 

1038-27 

1074*38 

59536*00 

Total 

!' 2 

950824*23** 

2371421 -80** 

637523-30** 

1 ,634277*94** 

698418-74** 

Dates X Spacings — 

Dates (1st deg.) x 

1 

45240*08 

52635*31 

49406*43 

40346*75 

77534 *49* 

Spacings (1st deg.) 




16933*60 

9*52 

35071*11 

Dates (2nd deg.) x 

1 

529*78 

63259*69 

Spacings (1st deg.) 




16594*24 

1 2986*69 

78811*53* 

Dates (1st deg.) x Spae> 

1 

15280*42 

15288*47 

ings (2nd deg.) 




1 


1 126096*79** 

Dates (2nd deg.) x Spac-i 

1 

10664*03 

103467*57 

89688*91 

21302*67 

ings (2nd deg.) I 

Dates (deviation from i 

■ 

10343*86 

85716 *74 

24767*20 ■ 

''.aTsa*!?; , 

' 55063*76 

2nd degree curve) x 







Spacings 




■ ' ■ ' i 



Total 

10 

13377 -76 

,74886-15 

27116-64 

10506*27 

64789*66* 

Error (IF) . . . 

72 

15857*56 

51618-28 

61076*69 1 

12959*88 

15868*47 


* Significant at 5 per cent level 


Significant at 1 per cent level 

TableIX 

Calculation of best date of pla7iting 


S.E. I 
of C5 a 


S. E. Best date 
of 1 ) of 

planting 


469-89 ! 
488*15 i 
, 418*78, 


565*81 1 
518*85 i 
465*67 


-63*65 1 
-83*42 f 9*01 
-81*73 J 


-23*81 T 
-22*30 y 
—4*74 J 


-40*44 h . 
-61*87 Y 
-78*33 J 


4*58 

448*06 1 
648*87 
593:45 j 

87*02 

25*76 

4*29 

2*33 

0*97 

,0*17 

0*33 i 21 July 
, 0*92 1 July 

1*27 1 

6*17 

566*41 i 
605*27 i 
707*20 , 

103*04 

70*03 

—48*32 

2*16 
1*61 
— 5*06 

i ■ ■ 

0*40 ; 18 July 
0*57 10 July 

11*21 ; 

5 • 83 

459*40 ! 
459*40 1 
577*54 1 

80*66 

75*07 

—5*49 

2*33 

2*70 

—0*26 

0*47 21 July 

1*11 27 July 

2*14 

4*09 

406*10 

506*43 

598*33 

84*59 

25*14 

—50*88 

2*48 
1*08 
—6*72 ■ 

0*37 i 23 July 
1*09 2 July 

—12*90 



441*56 

5*64 472*97 ; 

536*46 ; 


2*09 0*42 I 17 July 

1*45 0*76 I 8 July 

—0*13 —1*85 


1 
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Summary 

Theresuits of a complex cultural experiment 
with three winter varieties of rice conducted at the 
Dacca Farm in five successive seasons from 1936-37 
to 1940-41 have been studied with respect to the 
best date of planting and best spacing between 
plants. It has been found that for yield of grain 
all the varieties gave similar results consistently 
over the five years with regard to the other factors 
namely, dates of planting and spaeings. The belt 
date of planting differs for the three spaeings. 
Thus with 6 in. spacing the best date of planting 
is in the second half of July and with 9 in. spacing 
it is in the first half. The 12 in. spacing gives 
poor results and the best date could not b^e esti- 
mated with reasonable accuracy. As regards 
yield of straw the optimum is reached with the 
smallest spacing and the earliest date of planting. 

Though there was wide variation in mean yields 
of plots for the five seasons there was no interac- 
tion between the experimental factors and seasons 
which is a clear indication that the results obtained 
about influence of dates of planting and spaeings 
have a wide inductive basis. 
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APPENDIX 

Calculation of standard errors of orthogonal coeffi- 
cients of the yield-date ^araholic curve 
If the mean yields per plot in any particular year 
and for a given spacing are . . * . for the 

six dates of planting, the linear and quadratic 
orthogonal coefficients of the yield-date curve for 
that spacing are given by [Fisher and Yates, 
..1943] 

j5=:s|' [5 (^6~^i)+^(y5 — (^) 

G^U ^ (^3+^4)] t^) 

The variances of B and 0 in terms of variance of a 
single difference between two values of y are given 

by 

F(B)=(3i)* y iVi—yj) 

=1135 y (Hi — yj) 0) 

V iC)={ilS6)^{5^+P+4^) y iyi-yj) 

=31224 y iyr—yj) (^) 

In terms of symbols of treatment combinations, 
namely % for the varieties ; di, .... 
for dates ; and -^2} ^3 spacing, the value of 
Vi— Vi for a given spacing, say s^ is given by 
yi — yj^s-i (^i+ 5^2+'^3) ^i)/^ j • 

The right hand side of (5) can be expressed in terms 


of main effect of dates and the interaction between 
spacing and date. Thus — 

(di'-dj) 

+t{^i'^^2) — «53)] (d| — dj) {6} 

Therefoi*e 

( 27 f V {yr-yj)==V [{%+%+^ 3 ) (%+%+t’ 3 ) 
(di—dj)] + V (2 (vx+v^+^t) id*— 

dm m 

Since 54 plots are involved in the main effect com- 
ponent with coefficients +1 and — 1 for 27 each, 
the variance of that component is 54 times Error 
Variance (II). 

In the interaction component the 54 plots in- 
volved have coefficients +2, -—1 in 18 and 36 plots 
respectively, so that the variance of their compo- 
nent is [is (2)^X36 ( — 1)^]X Error Variance 
(IV). Therefore (27)^ V (yi—yj)==54 Error (H) + 
108 Error (IV) 

or 

Substituting (8) in (3) and (4) we get 
17 ('"Error (II) -f- 2 Error (lyx 

y . f-y . - : - " " 3 - ^ : 

1 / /n\^ I /Error (II) +2 Error (IV) \ 

^ I 3 J (10) 

If Bi, B 2 , B^ stand for the linear coefficients of 
the yield date curve corresponding to spaeings 
6 in., 9 in,, 12 in., variance of difference between 
any two has to be calculated as follows : — 
Symbolically, 

-^1— -^2= i (de— di)-f — da)+{d 4 — dg)] 

(«1— ^2) (%+^2+^8) (11) 

where any combination of the symbols d, s and v 
stands for the total of 3 replicated plots. The 
contrast involved in (11) consists of elementary 
contrasts of the type (d; — dj) — s^},^ that is, of 

the interaction between dates and spaeings. 
Therefore, 

V (-Bi— 5,)= (^9)' [(5H5*+i=*) 36]xErn>r 

Variance {I y)=^gX Error Variance {IV) (12) 

Similarly, if Oj, 0^ are the values of the quadra- 
tic coefficients of the yield- date curve correspond- 
ingto the spaeings 6 in., 9 in., 12 in. 

^ 1 - 02 = 56 ^ [5 {^i+de)-{d^+d ,)-4 (d, +<**)] 

(si — •S2)(%+^^a+^3) 

F (01-02)= (g^gy i{5^+l^+4^) SejxSvroT 

Variance {IV)=^ X Error Variance (IV) ( 14 ) 

To test whether B and G are significantly differ- 
ent from 0, the Behrens and Fisher test has to be 
employed. But the different values of .B or of C 
can be compared by the usual ^-test with 72 degrees 
of freedom. 
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PLANT 'QUAMANT^^ NOTIFICATIONS 

Notifimiion No. F: I6^3I43^A^ daied ihe 28th The; Second Schebto^^ 

3f(irchl944of the Government of India in the Depart- 

ment of Education, Health and Lands. Form of cerhficate 

■In exercise of the powers conferred hj sections This is to certify that the living plants/plant 
4 A and 4D of this Destructive Insects and Pests materials included in the consignnieri^ of which 
Act, 1914 (II of 1914) the Central Government is particulars are given below were thoroughly exa- 
pleased to prohibit, with effect from the 1st May mined on (date) by 

1944, the transport from the Province of Madras to (name and designation of official), a duly aiithori- 
any other Province of any of the articles specified zed official of the (name of 

in the First Schedule hereto annexed (being articles the Department) and that the consignment in- 
which are likely to carry the destructive insect eluding the packing covered by this certificate has 
known as leery a Purchasi and thereby cause been adequately treated and fumigated with hydro- 
infection to crops) ; — cyanic acid gas immediately prior to inspection and 

(a) by letter or sample post, or by air ; or made free from Living Icerya Purchasi. 

{b) by road, except by such routes as may be Date of examination and fumigation .. , . 
specified by the Government of such other Province ; • « - • ....... . . . . . ... .... . 

(c) by rail or inland steam vessel, unless the Particulars of consignment ... . ........... 

consignment is accompanied by a certificate in the ]S[o. and description of packages. .... . . . . . . . . , 

form set-out in the Second Schedule hereto annexed 

and signed by the Entomologist to Government, Distinguishing marks 

Madras, Coimbatore, or such other Description of living plants or plant materials 

Director of Agriculture, Madras, may authorize in ^ ^ ^ 

this behalf. 

Exported by 

The First Schedule . ■ ^ 

Name and address 01 the consignee 

Articles to, which this notification applies Signature of certifying authority 

1. The following plants (but not the fruits there- Designation 

of) namely Sophora glauca, Silver Wattle {Acacia- 

dealLeta)^ Black Wattle {Acacia decurrens and The above certificate should be signed by the 
Acacia moUissima), Australian hlackwood {Acacia Entomologist to Government, Madras, Coimbatore, 
melanoxylon), Broom {Cytisus scoparius), TJUx or such, other officer as may be authorized by the 
europaeus, Potato creeper {Solanum jasminoides, Director of Agriculture, Madras, in this behalf. 
Solanum Seaforthianum and other climbing Sola- 

nums), ail citrus species including all types of Notice No. I of 1944 

orange, lime lemon, pomeloe and grape-fruit The following quarantine regulations and im- 
plant, app es (all peexes), all Eucalyptus restrictions have been received in the Im- 

speexes xneludxiig (Evealyptm speaohihs and ferial Council of Agricultural Research. Those 
Ew^alyptm ghuca Rhodomyrtus tomen^sa, Hypen- ^t^^ested are advisid to apply to the Secretary, 

, species), Gaultheria fragrantissima. Raspberry, ’ 

country pears, Bougainvillea, Verbena, Mangolia, Plant Quarantine Import Restrictions 

PeppmsTea. Casuarina. 1. o/ Jfairico— Exterior Quarantines 

not manufactured tea), seedlings, tubers, and rhi- French Equatorial Africa Importation of 

somes, of the plants specified in clause 1. ’ cotton, cottonseeds, and plants prohibited. 

,3. Any articles used in packing or wrapping up Order No. 46 of January 9, 1943, 
any -of the plants or plant materials mentioned 3. Bepublic of Brazil — Importation of Cotton 
above. Seedlings (Gossypium Spp.) prohibited.® 
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ORIGINAL ARTICLES 

FRACTIONATION OF SOIL PHOSPHORUS 

III. THE ORGANIC PHOSPHOEUS FRACTION 

By M. O. Ghanti, M.Sc., Ph.D.(Loni>.), Department of Soil Science, Dacca University 
(Received for publication on 14 April 1944) 


In the two ' previous , communications of this 
series [Ghaiii, 1943^ 1 ; Gliaiii and Aleeni, 1943] a 
method was outlined for the fractionation of soil 
phosphorus, and the chemical nature of the in- 
organic phosplionis fractions was elucidated. The 
organic phosphorus fraction was determined in the 
alkali extracts of soils, pretreated with N/2 acetic 
acid, by the bromine oxidation method of Dean 
[1938] modified by Ghani [1942]. The condition 
of alkali extraction with respect to the kind of 
alkali and its concentration, soil-solvent ratio, 
time and temperature of extraction and the techni- 
que ^f extraction were all defined there. The 
organic phosphorus determined in the alkali ex- 
tracts was taken to be the total organic phosphorus 
of the soil. An attempt has been made here to 
determine the organic phosphorus of the soil by an 
independent method with a view to testing the 
validity of the fractionation method, so far as the 
determination of the organic phosphorus is con- 
cerned. The work was carried out at the Rotham- 
sted Experimental Station, England, as a continua- 
tion of the work already reported hy the author 
[Ghani, 1943, 1]. 

Determination oe organic phosphorus by 

• IGNITION METHOD 

It was observed by the earlier workers on soil 
phosphates that ignition of the soil increased 
solubility of soil phosphorus in dilute mineral 
acids. It was assumed that the effect of ignition 
was to destroy the organic phosphorus compounds, 
and thus render the phosphates soluble in acid, 
without affecting the solubility of inorganic phos- 
phates. A method for detertoiination of organic 
phosphorus in soil was based on this assumption.^ 
A portion of the soil was ignited, extracted with 
mineral acid of certain strength and phosphoric 
acid estimated in the extract. From this was 
subtracted the amount of phosphorus extracted^ 
from the ignited soil by the same solvent under J 
identical conditions of extraction and the result ' 
was taken to represent the organic phosphorus" 
of the soil. Stewart [1910] found that ignition ; 
method gave results higher than the ammonia'^ 
extraction method and Fraps [1911] contended 
that it includes some of the mineral phosphates 
which are rendered more soluble in acid by ignition. 


Peterson [1912] refuted the criticism of Fraps and 
showed that the solubility of the mineral phos- 
phates of the soil did not increase by heating. On 
the face of such conflicting evidence, no further 
use of the method appears to have been made till 
comparatively recently. 

Odynisky [1936] adopted the ignition method 
for determining the organic phosphorus content 
of five Alberta soils. The extractant was 2 N 
sulphuric acid and ignition was carried out at 600*^0. 
for an hour. He extracted both the fresh and 
ignited soil repeatedly with the acid and found 
that four extractions were needed to remove the 
soluble phosphorus. The soluble phosphorus in 
the extracts after the first one was found to be 
similar in amount for fresh and ignited soils and 
thus a single extraction was thought to he suffi- 
cient to determine the organic phosphorus by 
difference. Odynisky's method has been used 
here in the determination of organic phosphorus of 
the same eight soils as were used in the alkali 
method. 

Method oe determination 

[two one-gram samples of 20 mesh soil were 
weighed. One of the samples was ignited at 600®C. 
for one hour in an electric muffle. The ignited 
and unignited samples were then extracted with 
200 c.c. of 2 N sulphuric acid by shaking for one 
hour and in the filtered extracts was deter- 
mined colorimetrically. . Organic PgOg was ob- 
tained hy difference. As the extracts were too 
acidic for a direct colorimetric determination of 
phosphorus, they were adjusted to pH 3 with 
ammonia. The ammonium salts formed on neut- 
ralization interfered with the development and 
stability of the molybdenum blue colour. To 
obviate the error thus introduced an equal volume 
of 2 N sulphuric acid was added to the standard 
whieh was then neutralized with ammonia as 
before. This was not necessary when the extract 
was highly phosphatic and when only a small 
aliquot was required for the deteimination. 

< ■ The results are shown in Table I and for ccm- 
parison the organic phosphorus determined by the 
alkali method [Ghani, 1943, 1] is also presented 
in the same table. 


Table I 

' Organic phosphorus by ignition method 


Soil 

Aeid- 
f soluble 
PgOfi in 
fresh 
soil 

Acid- 
soluble 
PsOs in 
ignited 
soil 

Organic 
PsOs by 
differ- 
ence 

A 1441, Bothamsted 

.61 

118 

67 

A 2242, Woburn , . 

68 

144 

46 

A 3457, Saxmimdlmm 

42 

80 

38 

A 2828,-Broa<ibalk . 

133 

176 

43 

A' 3328, Carbello^ . 

80 

230 

150 

A 3769, Flatterton . 

118 

365 

247 

A 3246-7, Peterboro 

307 

444 

137 

A 3560-1, Littleport 

96 

221 

125 


It will be seen irom i aeie ± wictu v 

eight soils, the two methods give fairly 

results. It is only with [L 

soils from Peterborough and Littleport that the 
results do not agree and the discrepancy is more 
marked in the latter soil. These two soils are 
highly acid, their carbon content and clay content 
arl also highest of the lot. The oi^amc carbon 
content of the Peterborough and Littleport soils 
are 16-8 and 29 -2 per cent respectively and they 
contain 34-0 and 45-5 per cent clay respectively. 
A fractionation study of the six soils reported pre- 
viously also showed that these two soils contain 
high amounts of iron and aluminium phosphates. 
The higher values of organic phosphorus obtain^ 
by the ignition method were at first supposed to 
be due to sonae of the inorganic phosphates bei^ 
included in it through its increased solubihty by 
ignition as was pointed out by Fraps. To see 
whether ignition at lower temperatures would 
materially affect the acid-soluble phosphorus, 
ignition was carried out at 350 , 400 and 500 C. 
To ensure complete destruction of orgamc matter 
the - soils were kept at 400 and 350 C. for 2 
hours and 3 hours respectively. The results are 
given in Table II which shows that tempera,ture ot 
ignition has practically no effect on the sulphuric 
acid soluble phosphorus and, therefore, if any 
Table II 

Effect of temperature of ignition on phosphorus 
soluble in 2 N sulphuric acid 
(Mg. PjOs per 100 gm. of soil) 
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T change in the solubility of the inorganic phosphates 

has taken place it must have occurred at the lowest 

hy ignition method temperature. 

)0 gm. of soil) 

_ — ^ Effect of ignition oh the acid-solubility 

stlible Sby ' OE PHOSPHORUS OOMPOXTNDS 

listed ‘‘S' TitSa Doughty [193.5] determined the effect of heat 

soil the solubility of phosphorus compounds of iron 

— and aluminium in 0-002 N sulphuric acid. He 

1 J 8 67 68 found that ignition of ferric phosphate at 800°C. 

4S 42 decreased the soluble phosphorus from 0-138 mg. 

-gy to 0-072 mg. (at 600°C., 0 - 116 mg.) and in the case 
- of aluminium phosphate ignition at 800°C. decreas- 

45 gd the soluble phosphorous from 0-90 mg. to 0-012 

230 150 140 600°C., 0-03 mg.). A sample of apatite 

865 247 244 gave no increase of Soluble phosphorus when heated 

444 137 108 to 800°C., natural hydrated iron oxides containing 

_ 125 84 some basic ferric phosphate showed a large in- 

' crease in soluble phosphorus when heated under 

ie I that in six out of the the same condition. _ • 

)ds Rive fairly agreeable As the acid used in this work is inuch stronger, 

he two heavy black fen the effect of ignition on the solubility of normal 

and Littleport that the and basic iron phosphates in 2 N sulphuric acid was 
}he discrepancy is more determined. Where the whole of the phosphorus 
1. These two soils are (jjd not dissolve in one extraction, extraction oi the 
3 ontent and clay content residue was repeated with the acid. The ignition 
>t The organic carbon of the substances was carried out at 600''C. for one 
lUgh and littleport soils hour. The data are given in Table III. 

Lt respectively and they Table III 

he six soils reported pre- Phosphorus dissolved by 2 N H^ SO^ from fresh and 
these two soils contain ignited iron phosphate 

[ aluminium phosphates. (Per cent of F 2 t >5 


Material 

Fresh 

Ignited . | 

- 1 

Normal iron 1st extract 
phosphate 2nd e.xtraot 

3rd extract 

100 

'1 

50r0 ! 

84*4 1 

3-2 . f 

CTotal . 

100 

87- e ,j^ 

Basic iron 1st extract 
phosphate 2nd extract 

3rd extract 

.100 

40*4 

,57*0 ■ * 

Total . 

100 

i; 

99*4„;;,.:. j 


Temperature 
Time . . 

A 3246-7 - . 
A 3560-1 . 


eOO^’C. .. 56 o"C. 400"C. 360°C. 

1 hbur 1 hour 2 hours 3 hours 
444 444 448 =452 

221 218 , . 220 : 220 


It* will be seen from Table III that both normal 
and basic iron phosphates are completely soluble 
in 2N sulphuric acid. Ignitioru considerably 
decreased the solubility of both the suhstances. 
Basic iron phosphate, when ignited, required three 
extractions to dissolve the whole of its phosphorus, 
whereas in the normal iron phosphate, only about 
88 per cent of its phosphorus was dissolved by three 
extractions. With basic iron phosphate, the 
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second extraction dissolved more ph.O'Spliorus than reduce these, secondary reactions to a minimum, 
the first one which ' suggests that the' decreased it was proposed to ig,nite the soil with chenu<»lJj 
solubility caused by ignition may be due to physi- pure magnesium oxide and then to extract the 
cal changes such as fusion of the particles into hard ignited sample with N/2 acetic acid. The 
lumps. It will also appear, that simple phospho- phosphorus liberated from organic compounds 
rus compounds behave differently on ignition from will combine with the base to form magnesium 
the natural pliosphatic minerals ; in the former phosphate which is soluble in acetic acid. Again, 
case solubility is decreased whereas in the latter inorganic soil colloids fix phosphorus from acetic 
solubility is increased [Fraps, 1911]. acid solution, and the fixing power of a soil is 

The inorganic phosphates of the soil are present considerably changed by ignition. Phosphorus 
not only in the form of minerals but also as various will be fixed from acetic acid extract of both fresh 
colloidal complexes containing simple precipitated and ignited samples during the period of extrac- 
phosphorus compounds. It is quite likely that tion, but in different amounts. If the fixing power 
the increased solubility of the phosphorus in of the soil is increased by ignition, the organic 
minerals such as wavellite, variscite and triplite phosphorus obtained by difference in the above 
tested by Fraps, is due to an increase in the sur- method will be less than what it should be. To 
face exposed owing to disintegration by heat. On reduce this type of fixation, 8-hydroxy quinoline 
the other hand, with precipitated phosphates fusion was added to the acetic acid. It has been shown 
will reduce the surface. In a complex material by Ghani [1943, 2] that 8-hydroxy quinoline in 
like soil which contains many kinds of mineral acetic acid solution combines with the free sesqui- 
partieles in different stages of disintegration and oxides present in the soil making them inactive, 
varying quantities of colloidal materials, it is From these considerations the ignition method was 
scarcely possible to decide which process will modified as below. 

predominate. 5 solution of 8-hydroxy quinoline m 

Use of acetic acid as a solvent 2 N acetic acid was prepared. 6 c. c. of this solu- 

One way of getting rid of the contention that tion and 195 c. c. of N/2 acetic acid was used for 
organic phosphorus determined by the ignition extracting one gram of soil. Two one-gram 
method includes soma inorganic phosphorus is to samples of the soil were mixed with 0 * 5 gm* of 
choose an acid for extraction which would have no MgO and one was ignited at 600°C. for one hour in 
solvent action on the minerals. It is known that a muffle furnace. Th# ignited and the fresh 
dilute acetic acid extracts from soil only the easily samples were then extracted with 200 c. c. of the 
soluble phosphates and that it has no appreciable above 8-hydroxy quinoline-acetic acid solution by 
solvent action upon such minerals as wavellite and shaking for one hour in a rotatory shaker. The 
dufrenite, and other naturally occurring phosphates phosphorus in the extracts was determined colori- 
of iron and aluminium. Thus, if dilute acetic acid metrically and the organic phosphorris was ob^ 
is substituted for 2 N sulphuric acid in the ignition tained by difference. The results obtained with 
method, the possibility of some inorganic phos- the fen soils are shown in Table IV. For com- 
phorus being included in the organic phosphorus parison the results of acetic acid extractdon without 
thus determined may be eliminated. But in the 8-hydroxy quinoline are also shown in the same 
absence of sufficient base in the soil, some of the table. The results show that the use of 8-hydroxy 
phosphorus liberated by the destruction of organic quinoline has increased the value of organic phos- 
matter may combine with the free iron and phorus in soil No. 3560-1 quite appreciably while 
aluminium, forming iron and aluminium phos- in the other, soil practically no change has been 
phates which are insoluble in* acetic acid. To produced. 


TabteIV 

Organic phosphorus hy the modified ignition method 
(Mg. F 2 O 5 per 100 gm. of soil) 



Extracted with acetic acid 

Extracted with acetic acid and 
. 8 -hydroxy quinolm©'. 

Soil 

Fresh 

Ignited 

Org. P.Os 

Freish 

Ignited^ . 

'Org.PtO, 

A. 3246-7 . . V ' . . A 

28>0 

160-0 

132-0 

32*0 

16,3 •■2'" ' 

131*2 

A. 3560-1 . . . . . . 

24*8 .: 

102*4 

77-6 

■^34*4 

140*8 

106-4 



A 1441 A 2242 A 3457 A 2328 A 3328 A 3769 A 3246-7 | A 3560^1 
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^ Ihe results obtained l}y the, 'different methods 
afe siim.marized and compared in Table. V. 

Table V 

Organic phosphorus of fen .soils determined hy 
various methods 

(Alg. RaOs por 100 gm. of :^oi]) 


■ Soil 

lumition 

'2N 

HsS04 , 

Ignition 

vviiJi 

.^rgo, N/2 
i ,, acetic 
acid 

Ignituni 
with 
MgO, 8 
("OH) 
qiiinoline- 
aeetic 
acid 

Alkali 



A82-I.6’7 . ■ . 

137 

132 

^ 131 

loa 

A 3560-1' , ,1 

125 

78 

106 

84 


•It ‘will be seen from „ Table V that in ..kSoII No. 
3246-7 the organic phosphorus determined by the 
8-,hydroxy, quinoline acetic acid. m,ethod is nearly 
the same as that, obtained by the, sulphuric acid 
method,, which indicates that the . error due to 
increased .solubility uf mineral phosphates by 
ignition in the latter method is not; serious, in this 
soil. '. In .the second soil, howcYer, the' values are 
quite appreciably reduced by the Slodified method. 
The above' modificatioiis were introduced to ex- 
plain the discrepancy of the results for the organic 
phosphorus as ,deterniin,ed by the ignition and 
alkali method in the two fen soils. ^ Comparing 
the modified ignition figures with the alkali figures 
it is found that the alktli figures are still lower. 
It was therefore thought that the low values of 
organic phosphorus by the alkali method might be 
due, at least in the fen soils, to inefficient acid pre- 
treatment and incomplete extraction by the alkali. 
Scholenberger [1918] in comparing the efficiency 
of different acids as pretreating agents, found that 
in a highly organic soil acetic acid pretreatment • 
was unsatisfactory for the determination of organic 
phosphorus by am.monia extraction. '.Lately, 
Wrenshall and Dyer [1941] showed that , calcium 
phytate „Gf soil is relatively insoluble in . alkaline 
solution. If phytin or similar other organic phos- 
phorus complexes of calcium happen to be present 


in large quantities in a soil, they will persist during 
..■alkali extraction unless the complexes are broken 
dow,n and the calcium re,moved by a pretreatment. 
N/2 acetic acid used here may prove ineffective. for 
this purpose and a stronger acid pretreatment may 
be necessary. Dyer and Wrenshall [1941] found 
that leaching with N HCl gave almost complete 
extraction of organic phosphorus by the subsequent 
alkali extraction. From this point of view the 
organic phosphorus was redetermined in the re- 
peated alkali extracts after the soils were thorough- 
ly extracted with normal hydrochloric acid instead 
of N/2 acetic acid. . Determinations were made on 
all the eight soils. 

OeOANIC PHOSPHORUS DETERMINED-' BY ALKALI 

METHOD AFTER PRETREATMENT WITH N HCl 

One gram of soil was extracted with.N hydro- 
chloric acid each time with 100 c.c. of the solvent 
by shaking for two hours. The acid extracted soil 
was then repeatedly extracted with N/4 sodium 
hydroxide as usual and organic phosphorus deter- 
mined in the extracts in the usual way. Unlike 
acetic acid, hydrochloric acid dissolved some 
organic phosphorus from the soil and hence the 
organic phosphorus in the acid extracts was also 
determined. As the acid extracts were a little 
coloured (especially in the organic soils) bromine 
oxidation had to be adoplld for determining its 
organic phosphorus. It was also found necessary 
to remove the iron dissolved by the acid, in order 
that no interference might be caused in the colori- 
metric determination. The results are presented 
in Table VI. In the table the acid soluble organic 
phosphorus represent the organic phosphorus 
dissolved by two extractions wit^h N hydrochloric 
acid and the alkali soluble part is the sum 
of the organic phosphorus of four successive ex- 
tracts with N/4 sodium hydroxide. The total 
.organic phosphorus obtained by this method has 
been fjompared in the same table with the cor- 
responding figures using acetic acid as a pretreating 
agent, together with the ignition method figures. 


TabteWI 

Organic phosphorus determined by alhali method after pretreatment with N HCl 

(Mg. PgOg per 100 gm. of soil) 


Soil 


84 

125 

106 


2*9 

30*8 


33*7 


2*0 

20*0 

' 46*0 

0*0 

39*2 

110*5 

194*9 

119*5 

41*2 

130*5 

240*9 

119*5' 

45 

140 

244 

108 

43 

160 

246 

137 



, . 

131 


8*5 

96*4 


N HCl 

N/4NaOH : 


Total 


Acetic acid pi etreai merit 
Ignition method (2 N HgSO^) 
Ignition method (Hydroxy quinoline 
acetic acid) 


1*9 0*0 

64*6 33*7 

66*5 33*7 

68 42 

67 46 
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It will be seen from Table VI that replacement 
of acetic acid by hydrochloric acid in the pretreat- 
^ ment has increased the values of organic phos- 
phorus in both the fen soils but not by as much as 
will bring them to the level of the ignition figures 
(Hg EO4). In the remaining six soils, the nature of 
I the pretreating agent had practically little 

I effect upon the amount of organic phosphorus 

determined. With soil No. A 3560-1, the modi- 
I fied alkali method (HCl pretreated) gives results 

comparable with the modified ignition method (8- 
hydroxy quinoline acetic acid). The other soil too 
does not show widely divergent results. It would 
, thus appear that the alkali method and the ignition 

method can be reliably used in a majority of soils. 
Only the highly organic soils appear to give some- 
what lower values by the ordinary alkali method 
and somewhat higher ones by the ordinary ignition 
method. The ignition method gives better results 
when hydroxy quinoline acetic acid is used as an 
extractant instead of sulphuric acid. In such 
soils, the alkali method should also be modified by 
: using a stronger acid for pretreatment. 

I It was next intended to see how far the hydrogen 

. peroxide oxidation method can be used for the 

I determination of the organic phosphorus of the 

Determustatior of oeg anic phosphorus by 

HYDROGEN PEROXIDE OXIDATION METHOD 

This method is similar in principle to the igni- 
f ' tion method ; the organic matter of the soil is 

j oxidized with h^^drogen peroxide instead of by 

i ignition. Peterson [1912] found that nearly 90 

per cent of the organic matter was removed by 
! hydrogen peroxide and that the phosphorus 

extracted by 0 * 2 N nitric acid was greatly increased 
I by such treatments. Hydrogen peroxide oxida- 

f tion always gave a greater increase in acid-soluble 

■ phosphorus than did ignition. Dushechkin and 
Gorodinsky [1936] used hydrogen peroxide as an 
oxidizing agent in separating the organic form 
I of phosphorus from the mineral one. llie soil was 

previously treated with 0*05 N hydrochloric acid 
in order to remove the most easily soluble part of 
the mineral phosphoric acid. The acid treated 
soil was then digested with 30 per cent perhydrol 
till apparent disappearence of humus. The 
oxidized soil was then washed with 0 * 05 N hydro- 

f chloric acid till the reaction for phosphoric acid 

disappeared. The phosphoric acid determined in 
the leachate was supposed to be in organic form. 
Hickman and De Turk [1938] made a further study 
of the hydrogen peroxide method and determined 
the organic phosphorus content of ten soils by this 
l» method. Phosphorus was extracted from the soil 

j with, 0- 2, N sulphuric acid, and the difference bet- 

ween tb^ phosphorus contents of the extoets of 


the oxidized and uiioxidized soil was taken, as a 
measure of the organic phosphorus. 

In the method adopted here, 0*05 N hydro- 
chloric aedd has been used as an extractant. 

Method OP DETERMINATION ■ 

. One gram of soil was. weighed into a 100 c.c. 
Erlenmeyer ' flask and 10 c.c, of 90 to 100,' volume 
hydrogen peroxide (phosphorus free) added, to the 
soil. After the reaction ceased, the flask was 
heated on a sand bath with occasional shaking, care 
being taken to prevent loss, by frothing liy rem.,ov- 
ing the flask from the sand bath occasionally. 
Hydrogen peroxide was then added by siiiall por- 
tions (5 c.c.) every 10 min. until apparent dis- 
appearance of the organic matter. The contents 
of the flask were evaporated to a thick paste, 
w-ashed with 0*05 N hydrochloric acid into a 
shaking bottle and diluted with the same acid up 
to the 250 c.c. mark. The bottle wrs shaken in a 
mechanical shaker for two hours, filtered and P2O5 
determined colorimetrically on an aliquot of the 
filtrate. Before the colorimetric determinations 
were done traces of hydrogen peroxide in the 
extract were removed by evaporatmg the latter to 
dryness. 

Another one gram sample of the soil was extract- 
ed with 250 c.c. of 0*05 N hydrochloric acid by 
shaking for two hours and P2O5 determined in the 
filtrate. Organic phosphorus w^as obtained by 
difference. 

The results for the eight soils under study, 
obtained by the above method, are shown in 
Table VII and compared with those obtained by 
the ignition method. 

Table VII. 


Organic phospJwriis by hydrogen peroxM^ oxidation 
method 

(Mg. P3O5 per 100 gm. of soil) 


Boil. 

Adfl- 
f-oluiOo 
r%Os in 
fresii 
soil 

Acid- 
sol able 
T 3 O 5 ia 
oxidixecl 
soil 

Orf?arjic 
.RaOs by 
dilier- 
ence 

Organic. 
#aOjs by.. 
Ignition 
method 

' ■ 

.A .1441 

7 

40 

33 

, er . 

A 2242 . 

15 

42 

"27 . 

46 ■' 

A 3457 . 

9 

23 

. 14 ■: 

38 

A 2328 

1 31 

7'5 

1 . 44 

43 

A 3328 . . . 

i. 8 

132 

124 

150 

A 3769 . . 

30 

305 

275 

246 

A 3246-7 

; . .' ■ 61 . 


300 

137 ‘ 

A 3560-1 . 

52 

) *:tio 

i 

ICO 

125 


', It will be seen from Table. VII that, except 'in 
soil No. A 2328, the two methods give discordant 
results for organic phosphorus. With the three 
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highly organic soils (A 3769j A 3246-7 and A 3560-1 ) 
the hydrogen peroxide method gives much higher 
values than the ignition method, while with the 
remaining four soils the converse is true, 

DiSOTOSION OF THE HTBEOOEH PEBOXIBB METHOB 

In adopting this method for the deternunation 
of organic phosphorus in soils, the following assump- 
tions were made. 

(1) Hydrogen peroxide decomposes the organic 
matter completely and releases all the organic 
phosphorus in an acid soluble form- 

(2) ifiydrogen peroxide oxidation has no effect 
on the solubility of the inorganic phosphates. 

(3) None of the liberated phosphorus is fixed by 
the soil. 

As regards the first assumption, there is no 
definite evidence that hydrogen peroxide destroys 
the organic matter completely. Peterson [1912] 
investigated this point and found that removal of 
69 per cent of organic matter gave as much soluble 
phosphorus as the removal of 80 per cent. From 
this evidence he concluded that ‘ it seems reason- 
able to believe that removal of the entire amount 
of organic matter will not increase the solubility of 
the phosphoric acid above that already obtained,’ 
But this may not he true for all types of soils. In 
the soils used here the lower organic phosphorus 
values (as compared with the ignition method) 
were obtained from the soils which are low in orga- 
nic matter, while those high in organic matter gave 
higher values. So it does not seem that the dis- 
crepancy is due to incomplete oxidation of the 
organic matter. 

As regards the second assumption, it is quite 
probable that some of the organic phosphates will 
he protected from the solvent by the organic 
matter before oxidation. Peterson [1912] studied 
the effect of different degrees of oxidation on the 
solubility of phosphorus, iron, aluminium, calcium 
and manganese. He found that the increase in the 
solubfe iron and aluminium was roughly parallel to 
the increase in soluble phosphorus while the cal- 
cium and manganese remained constant in solu- 
bility. This led him to believe that iron and 
aluminium were not combined with the phos- 
phorus in a single organic molecule but that some 
of the phosphates of iron. and aluminium were 
merely protected from the solution before oxidation 
by the organic matter and were dissolved by the 
acid when the organic matter was decomposed. 
It seems that the higher values of organic phos- 
phorus of the three soils are due to this reason. 
They are highly organic and contain a large 
amount of iron phosphates as determined by alkali 
extraction. Soil No. A. 3246-7 which shows the 
greatest discrepancy contains the highest amount 
of iron phosphate [Ghana 1943, 1]. 


As regards the third point, Diokman and De 
Turk [1938] found that some of the phosphorus 
liberated during the oxidation was fixed in a form 
which was insoluble in 0*002 N sulphuric acid. 
Even with 0*2 N sulphuric acid, reliable results 
could not be obtained by them and it was found 
that appreciable fixation of the liberated phos- 
phorus took place, especially in soils low in organic 
matter and high in active iron and aluminium. 
They suggested a correction factor (based on the 
fixing power of the soil) to be applied to the organic 
phosphorus value as determined by hydrogen 
peroxide oxidation. They also suggested necessary 
modifications of the method to meet particular 
local conditions. It appears that the low values 
for organic phosphorus obtained in four soils are 
due to the fixation of the liberated phosphorus in 
a form not soluble in 0 * 05 N hydrochloric acid used 
in this work. 

In determining organic phosphorus by hydrogen 
peroxide oxidation these sources of errors must be 
taken into account. To reduce these possibilities, 
the procedure was slightly modified. The oxida- 
tion was carried out on the same sample as was 
extracted with acid. The preliminary extractions 
were repeated to deplete the soil of the easily solu- 
ble phosphorus. This would remove, to a certain 
extent, the possibility of some inorganic phosphorus 
being included in the final extract, particularly in 
the three organic soils from which the first acid 
extraction dissolved quite a high amount of phos- 
phorus. The oxidized soil was also repeatedly 
extracted to dissolve the fixed phosphorus as far 
as possible. 

One gram of soil was repeatedly extracted with 
0* 05 N hydrochloric acid. Three extractions were 
needed to bring down the soluble phosphorus to a 
small quantity. The residual soil was washed off 
the bottle with water into a conical flask and the 
water evaporated off. The oxidation with hydro- 
gen peroxide was carried out as before. The con- 
tents of the flask were then washed off into a shaking 
bottle with 0 * 05 N hydrochloric acid and extracted 
as before. The extraction was repeated thrice, 
and phosphorus determined in the extract. 

The data obtained are presented in Table VIII. 

• Comparing Table VII with Table VIII it will be 
seen that the modified procedure gave lower values 
for the three organic soils while in the remaining 
five there was a slight increase. However, on 
comparing with the organic phosphorus values 
by the ignition and alkali method (Table VI) 
it will be fouiid that hydrogen peroxide oxida- 
tion gave much lower values in soils A. 1441, A. 
2242, A. 3457 and A. 3328, higher values in soils 
A. 3246-7 and A, 3560-1 and comparable values in 
soils A. 2328 and A. 3769. From the conflicting 
results obtained here with different of soil 
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it may reasonably be said that liydrogen peroxide 
oxidation method for the determination of the 
organic phosphorus in its present stage, cannot foe 
nniversaily applied to obtain reliable results and 
that the conditions for extraction and oxidation 
need.. thorough 'investigation as regards fixation 
and other factors discussed here. 

Table VIII 

Organic by II. Xh oxidation {repeated extraction 

wUhO'OoN HGl) 

(Mg. P2O5 per 100 gm. of soil) 


Soil 

1st 

Extract 

2nd 

Extract 

3rd 

Extract. 

Total 

organic 

A. 1441 

20 

10 

8 

38 

A. 2242 

16 

9 

7 

32 

A. 3457 

10 

4 

3 

17 

A. 2328 

30 

10 

7 

47 

A. 3328 

104 

14 

10 

128 

A. 37(59 

198 

27 

17 

242 

A. 3246-7 . 

208 

26 

14 

248 

A. 3560-1 . 

131 

7 

3 

141 


SUMMAEY 

With a view to testing the validity of the frac- 
tionation method in determining the organic 
phosphorus of the soil, an independent method 
based on ignition has been used for the determina- 
tion of the fraction. 

The ignition method gave results for organic 
phosphorus which agreed fairly wedl with those by 
the alkali method except in the two fen soils. The 
causes of this diserepancy were examined and the 
methods modified accordingly. 

The temperature of ignition when varied from 
350° to 600°C. did not effect the results for organic 
phosphorus. Ignition considerably reduced the 
solubility of basic and normal iron phosphates in 
2 N sulphuric acid. 

To obviate the possibility of error due to change 
in acid-solubility of the inorganic phosphorus com- 
pounds and phosphatic minerals caused foy igni- 
tion, !N’/2 acetic acid was substituted for 2 N sul- 
phuric acid as an extractant. Also to prevent any 
possible fixation of phosphorus from the acetic acid 
extract, 8-hydroxy quinoline was introduced in the 
extracting acid and the ignition of the soil was 
carried out in presence of magnesium oxide. The “ 
ignition method thus modified gave lower values 
than before in both the soils, though they were 
still higher in comparison with the alkali method 
figures. 

The alkali extraction method was also modified 
with respect to the pretreating acid. Pretreat- 
ment of the soil with N HCl instead of with N/2 
acetic acid, increased the values for organic phos- 
phorus in the two fen soils ; in the remaining six 
soils nature of the pretreating agent had a slight 


effect on the amount of organic phosphoros deter* 
mined. The modified alkali method gave results 
comparable with the modified ignition method in 
the two fen soils. 

From the work reported, it appears that both, the 
methods can ^ be used reliably in. the majority of 
soils. Only in the case of a special type of highly 
■ organic fen soils, the methods need modification. 
The validity' of using hydrogen .peroxide oxida- 
tion method for the determination of organic 
phosphorus was next exami.n.ed. It . .was found 
that from various points of view tills method cannot 
be universally applied to obtain reliable results. 
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Indo-Gangetic alluvium around and better cropping in these soils. 


IN 


Soils in the - ^ 

Pusa in Bihar contain 30 to 40 P^i^ 
calcium carbonate. This is likely to enter into 
combination with many of the constituents of 
fertilizers used in ordinary farm practice, render- 
ing them insoluble and consequently perhaps 
unavailable to ‘plants. This untoward feature 
has baffled many attempts in the past to evolve 
a successful method of manuring these calcareous 
soils, especially with regard to their supply of 
phosphorus. Superphosphate is the phosphatic 
fertilizer commonly recommended for such soils. 

Experience has shown that the beneficial action 
of superphosphate on calcareous soils is not 
always appreciable, although good crop yields 
are usually obtained when applied in conjunction 
with organic manures as reported by Hutchinson 
[1923]. Commercial super contains 50 to 60 
per cent of gypsum. Studies made by the author 
[Das, 1933] to determine the effect of gypsum 
on the cropping value of calcareous soils, showed 
that it exerted no beneficial influence, but often 
depressed the yield. The presence of gypsum 
therefore may account ir some measure for the 
uncertain and disappointing results often obtained 
with commercial super in calcareous soils. 

Harrison and Das [1921] have shown that the 
action of super on calcareous soils is very localized ; 
the major portion of its P2O3 is retained in the 
top layers with the formation of dicalcium phos- 
phate. The latter then becomes slowly converted 
into insoluble tricalcium phosphate on reacting 
with excess of calcium carbonate already present. 
Consequently, the application of super to these 
soils has a very restricted effect and probably 
much less efficiency than equivalent amounts 
applied to non-calcareous soils. 

On the other hand, it was shown by the authors 
[Harrison and Das, 1921] that, by using dressings 
of soluble phosphates like those of sodium which 
have littie or no action with calcium carbonate, 
in pl^tce of super, on calcareous as well as non- 
calcareous soils, a much more uniform distribution 
of P2O5 throughout the soil can be attained. 
Provided that these phosphates are suitable 
as plant food, this wider distribution can. 
only result in a wider and deeper root action 


It was therefore 

considered desirable to test how far these soluble 
sodium and similar phosphates could be successful- 
ly utilized in calcareous soils as phosphatic 
fertilizers. 

. In order to do this, some soluble phosphates 
such as meta- and pyro -phosphates of sodium 
were prepared as described below ; these contained 
67-20 and 51-98 per cent of PgOg respectively, 
the theoretical amounts being 69-61 and 53*43 
per cent. 

Sodium hexametciphosphate (NaPOs)^. To a solutioc. 
of common sodium phosphate Ka^HPO,!, I2HO2 add the 
requisite quantity of phosphoric acid .H3PO4 to form 
sodium dihydrogen, phosphate HaH'2P04. The latter is 
heated to complete fusion. The melted ^ mass must he 
quickly cooled to avoid the formation of trimetaphosphate 
(ISraPOg)^. The product is a vitreous mass, soluble in 
water and slightly acid in reaction. ^ 

Sodiwn pyrophosphate Ka4p20 7. It is obtained in the 
anhydrous state as a colourless glassy mass by igniting 
common sodium phosphate and quickly cooling the 
ignited mass. It dissolves in water and is alkaline 
in reaction. 

.Besides, sodium phosphate Na2HP04, I2H2O, 
dicalcium phosphate CaHPO^, 2H3O, and tri- 
calcium phosphate Ca3(P04)2 were used in pot 
experiments. Parallel experiments with super 
were also carried out for comparison. In pot 
experiments monocalcium phosphate CaH4(P04)2 
H2O which is devoid of gypsum, but contains tfie 
chief phsophatic constituent of commercial super, 
was used in place of super. 

A sample of Pusa soil containing 33 per Cent of 
calcium carbonate was collected from a fallow plot 
for pot experiments in 1919. Four pots of almost 
similar dimensions, e.g. 12 in. diameter by 22-5 
to 24*0 in. high formed a gi^oup and received 
similar treatment. The pots contained 49 kilos 
of air-dry soil in each. Nitrogen was applied at 
the rate of 801b. per acre in the form of ammonium 
sulphate in Order to prevent lack of nitrogen. 
Phosphates were added to the top three inches of 
soil as used in farm practice here at 80 lb. of P2O5 
per acre, and the pots watered from the top to 
getr the effect of different degrees of diffusion. 
Eagi {Eleusine coracana) was chosen as the Jcharif 
(summer) crop. 

Although the weights of both grain and straw 
per pot were recorded saparately, only the yield 


268 




BIFFEEENT MINERAL PHOSPHATES IN CALCAE.EOUS SOH^ 


269 


IV] 


of grain is given in Table I, While examining 
the data, Fisher’s [1932] analysis of variance was 
adopted. 

Table I 


The effect of different phosphates on the cropping 
vahie of a calcareous Pusa soil in pot 
experiments with ragi 


Treatnienfc 


Beplications 


Mean 

yield 

Per eent- 
age 


1 

2 

3 

4 

in 

gm. 

increase 

over 

control 

Control' . 

IS -2 

16*3 

16*7 

17*6 

17*2 


Dicalcium phosphate 

38*0 

31*9 

35*6 

42*6 

37*0 

115*1 

Monocalcium 
phosphate (super) 

64*3 

58*3 

57*4 

56*0 

59*0 

i 

243*0 

Sodium phosphate . 

53*5 

57*0 

64*0 

59*2 

58*4 

239*5 

Sodium metaphos- 
phate . 

70*0 

61*8 

64*1 

71*2 

66*8 

288*4 

Sodiiiin pyrophos- 

phate . 

70*4 

68*6 

75*4 i 

71*8 

71*6 

316*3 


Standard error of difference for comparison of mean 
yields by Eisher’s [1932] analysis of variance = 2 *62 
Critical dilference for P = 1 per cent == 7' 54 
Ditto P — 4 per cent ^ 5‘ 51 

The ragi crop, on account of its high salt toler- 
ance, produced remarkably high yields in pots to 
which fertilizer salts were added. This is evident 
on examining the high percentage increase of yield 
over the control in the last column of Ta.ble I. 
It will be further noticed that the differences in 
mean yields of grain between control and every 
other treatment are significant at one per cent 
level. Such significant relationships have been 
obtained between other treatments too with 
the exception of those between monocalcium 
phosphate and sodium phosphate as Avell as bet- 
ween sodium nieta- and pyro-phosphates. Al- 
though all the phosphates have given significantly 
better yields than the control, sodium meta- and 
p}Cfo-phosphates give higher crop returns than the 
other phosphates. 

Monocalcium phosphate which was used in place 
of commercial superphosphate in order to eliminate 
the deleterious infiuence of gypsum contained An 
super has produced results comparable with 
phosphates of sodium. When the efficiency of 
other phosphates over monocalcium phosphate is 
compared, only meta- and pyro-phosphates give 
significantly better yields than monocalcium 
phosphate. The effect of sodium phosphate is 
uncertain, and that of dicalcium phosphate is 
negative. 

In the winter of 1919 these pot experiments 
were repeated, but without nitrogen. Oats were 
chosen as the rahi (winter) crop. ^ The yield of 
grain of individual pots is set forth in Table II, 


Table II 


The effect of different phos2)hutes on the cropjnng 
value of a calcareous Pusa soil in pot 
ex'periinents with oats 


Treatment 


Eei)Iic 

ations 


Mean 

yield 

Percent- 
age ill- 


1 



4 

gm. 

crease 

over 

control 

Control . 

27-0 

26*8 

29*2 

26*0 

27*3 


Monocalcium 
phos])}iate (super) 

36*0 

84*2 

33*2 

35*1 

34*6 

•26*8 

Dicalcium phosphate 

34*7 

: 29*8 1 

!■ i 

36*1 1 

35*5 i 

1 34-0 

24*5 

Tricalciu in phosxihate 

33*0 

i 34*6 ! 

34*0 

33*6 ' 

33*8 

„ .23 *'8 

Sodium phosiihate . 

30-4 

32*6 

.:33*4 

35*3 

1 32*9 

20*5'' 

Sodiiian metapiios- 
phate . . 

37 *2' 

;■ 34*0 

! 39*2 ■ 

39*5 

1 

37*5 

37*4 

Sod i u m pyrophos- 
phate . 

37*7 

34*5 

i 39*9 

1 

36*8 

1 

37*2 

36*3 


Standard error of difference for comparison of mean 
yields by Fisher’s [1932] analysis of variance -- 1 *403 


Critical difference for P = 1 per cent^B*97 
Ditto P = 5 per cent - 29-1 

Ditto P ~ 10 per cent =24 *2 

The differences in mean yields of oats between 
control and every other treatm3n1|are similar to 
those in the preceding pot experiments with ragi. 
Although all the phosphates have given significant - 
ly better yields than the control, sodium meta- and 
pyro-phosphates have again yielded higher crop 
returns than the remaining phosphates, thus con- 
firming the conclusions emerging from the previous 
set of experiments with ragi. 

Experiments on a field scale were next Instituted 
during the monsoon of 1921 with ragi- Eighteen 
plots, each 2| ft. wide and 42 ft. long, were laid 
out in three equal blocks having a margin of 2 ft. 
between them. Containing one plot of each of 
the six treatments distributed fin a randomized 
manner, every block had thus six plots each with a 
border of one foot all around. During harvest, 
.however, the crop of this border area was rejected 
in order to eliminate the border effect. Non- 
experimeiital margins w^ere not however provided 
for each plot, Ragi seeds were sown in breadth- 
wise line 6 in. apart and different phosphatic 
fertilizers were applied at the rate of 40 lb. of 
P2O5 per acre. The Aveights of grain are given 
according to blocks in Table III. 

Sodium meta- and pyro-phosphates again pro- 
diice markedly better yields than the other 
phosphates, and the results of these field experi- 
ments confirm the conclusions drawm from pot 
experiments. Moreover, from these cropping ex- 
periments the adverse effect of sodium ion result- 
ing from the application of various sodium 
phosphates is not quite apparent on calcareous 
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Table III 


The effect of different fliosjdiates on calcareous Pusa 
soil in field eX2)erime7its with ragi 



liepJicatjous 

Moan 

yield 

in 

gm. 

Peroon 
ago va- 
riation 

1 

2 

3 

over 

control 

Control . . . ■ . 

61 7 

658 

590 

624-7 


Snpi'rpho.-pljaCi. 

54!) 

626 

612 

505-7 

— 4.7 

'J'ricjilrin ni pliosplialf . 

6 !)!) 

50!) 

658 

652-0 

4- 4-4 

SndiiiMi pliospluito 

TH5 

671 

717 

707*7 

+ 13-3 

Soil iuin nud a pliospliafce 

70S 

7S5 

826 

803 -0 

+ 28-5 

Sodinm pyr(>]tiiosi)hat(j 

830 

735 

762 

775-7 

+ 24-2 


Standard error of difference for comparison of mean 
yields by Fisher’s [3 932] analysis of variance=32*7 


Critical difference for P =1 per cent 

Ditto P =5 per cent — T'B*^ 

Ditto P ~ 10 per cent— 5^?* 5 

soils. This is perhaps due to their high content of 
calcium carbonate, which has no action on meta- 
and pyi’o- phosphates of sodium and reacts only 
slowly with sodhtm phosphate, as will be shown 
in the sequel. 

On the othft‘ hand, superphosphate has given 
a lower yield than even the control, and tricalcium 
phosphate also does not show a significant in- 
crease. Thus, both the phosphates indicate their 
erratic effect on calcareous soils. In pot experi- 
ments where monocalcium phosphate was used 
which contains the chief phosphatic constituent 
of commercial superphosphate but not gypsum, 
its crop- depressing constituent, a significantly 
better crop yield than the control was secured. 
In these field tests, however, commercial super- 
phosphate was used instead. This perhaps ex-* 
plains the disap2)ointing result, which is the com- 
mon experience ' in local agricultural practice, 
when super is used alone. 

The pot and the field experiments have thus 
satisfactorily established the beneficial effect 
of the phosi^hates of sodium in calcareous soils. 
These results are very remarkable from the point 
of view of manuring calcareous soils with phospha- 
tic fertilizers in order to snpjfiy their phosphatie 
needs. 

Potassium and ammonium phosphates may also 
behave equally well in these soils. Commercial 
ammonium phosphates in their different grades of 
low nitrogen and high phosphate contents will, 
besides phosphates, supply nitrogen as well to 
which these calcareous soils readily respond. 
Work is in progress in this laboratory to manufac- 
ture similar phosphatic fertilizers from indige- 
nous sources suitable for calcareous and other soils 
in India. 


[XIV 

Having thus shown the beneficial action of 
several phosphates of sodium by pot and field 
experiments, it was next considered worthwhile 
to study the action of calcium carbonate normally 
present in calcareous soils on these phosphates. 
For this purj)ose, two series of 8 experiments 
in each group were carried out. One gram of 
pure precipitated calcium carbonate was shaken 
se2)arately with 100 c.c. of sodium meta- and pyro- 
phosphate solutions containing 106*7 and 97*9 
mg. of P2O5 respectively for 1, 3, 6, 16, 20, 24, 48, 
and 96 hours in end-over-end rotations in a niecha- 
nical shaker in a room which was not subjected to 
sudden changes of temperature. At the end of 
varying periods, the filtrates were examined for 
PgO 5 content. 

The concentration of P20g in the solutions 
remained constant both before and after shaking 
with calcium carbonate, shoAving the complete 
absence of interaction. Under the exj)erimental 
conditions the possibility of the formation of 
compounds like calcium meta- and pyro-phosphate 
at ordinary laboratory temperature is rather 
remote, as they usually require a very high tetn- 
perature for their preparation. Consequently, 
the absence of any reaction renders a more uni- 
form distribution of these phosphates and ensures 
their better manurial value in calcareous soils. 

The conclusion is therefore forced that the higher 
soluble phosphates of the type containing either 
PO3 or P3O7 ions which have no reaction with 
calcium carbonate give the best results in cal- 
careous soils by effectively supplying the phos- 
phatic nutrition of plants, notwithstanding 
the presence of a large amount of calcium c’arbonate 
in them. This discovery opens uj) an altogether 
new line pf attacking the important problem of 
manuring calcareous soils with phosphatic ferti- 
lizers of the meta- and pyro-type. Hitherto 
phosphatic manuring of soils all over the world 
has been mainly restricted to phosphatic fertili- 
zers of the type having PO4 ions in them. 

Next the action of sodium phosphate, Na2HP04, 
I2H2O on calcium carbonate was studied. At 
ordinary laboratory temperature one gram of 
pure, precipitated calcium carbonate was shaken 
with 100 c.c. of a sodium phosphate solution 
containing 108*5 mg. of P2O5 for varying periods 
of time, at the end of which P2O5 concentration 
of the filtrates was determined. The difference 
between the P2O5 originally taken and that found 
in the filtrate after shaking gives the amount of 
PgO^ precipitated by calcium carbonate. The 
results are given in Table IV. 

A slow, but progressive reaction takes place 
which proceeds in a well defined manner. It 
would appear that the reaction results in the 
formation of dicalcium phosphate in the first 
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•Table IV 


The reacLio7i between sodium phosphate soUition 
a7id calcium carbonate ichen slialmn together 
for varying periods of time 


Xunibor 
of expe- 

nmciits 

'J’hiK* of 
shaking 
ill flour.-; 

in 

1 ,.. .. 

i Pa Oji 

1 la ken in 
; .'-^olulion 

Oni. PsOb 
ill HOlU- 
t ion aftar 
shaking 

Gill. PaOfi 
retained 
(y) • 

Per cent 
PaOj re- 
tained by 
^ CaCOa 

1 

C 

0*1085 

0-0935 

0*0150 

13-8 

2 

16 

0 • 1(,>85 

0-0781 

0*0304 

28-0 

,a 

24 

0-1085 

0*0719 

0*0366 

33-7 

4 

48 

0*1085 

0 *0631 

0-0454 

40-9 

5 

96 

0*1085 

0*0518 

0-0567 

52-3 

6 

1 192 

0-1085 

0 *0430 

0 -0655 

60-4 

7 

1 ' 3S4 

■ 

0-1085 

0*0362 

0-0723 

66-6 

8 

768 

0-10S5 

0*0251 

0-0834 

76*9 

Blank, , j 

768 

0-1085 

0*1085 

mi 

No CaCOa 
added 


instance, wliich, on reacting with excess of cal- 
cium carbonate alreacty present, is slowly con- 
verted into tricalciiim phosphate according to the 
following equations : 

Na2HP04 + CaCOg ^CaHPOa + Na^COg (I) 

Dioalciiim 

phosphate 

. 2 CaHP 04 +GaC 03 =Ca 3 (PG 4 ) 4 +C 02 +H 20 ( 2 ) 

Tricalciiim 

phosphate 

The solubility of dicalcitim phosphate in water 
at the ordinary temperature is only 34- mg. of 
P^Or, per 100 c.c. and that of tricalcium phosphate 
is still less. The amount of P2O5 actually found 
in- the solution after continuous shaking for 768 
hours or 32 days is 25 mg. only per 100 c.c. which 
indicates that the reaction takes place in the 
manner shown above. 

It is further noticed that the concentration of 
P2O5 in solution decreases with the period of time. 
The relationship between the amount of PgOr, 
retained (y) and the time (t) is a simple semi- 
logarithmic one as shown by plotting the values 
bf y against the log of time (Fig. 1). 

This relationship may be expressed by the 
geneftd foimula, 

" log t=ay—h, 

where y is the amount of P2O5 precipitated by 
CaCO^ in time t, and a and h are constants. Em- 
ploying the values of a =31 *22, andT=— 0*264, 
the calculated and the experimental vlaues of y 
are given in Table V wkich show close agreement 
among themselves. 



Log't 

Fig. 1. Graph obtained by plotting the ainoiinta of 
retained by CaCoj, against log of, time. 

Table, V 


A comparison of the calculated and^ the expert- 
fnental values for the retentmi of P^Or^ by CaCO-j 


NiPiuber ofexperimenls 

. t 

y 

calcuJatj'd 

y ■ , E,r,i‘or 
iourii.l 

1 

6 

0-0! 05 

0*0] 50 

“ 0-0015 

2 

1 6 

0 -OSliO 

'• 0*0304 

u-oool 

3 

2-,f: 

0*0357 

0-.U366 

-f n (inop 

4 

48 . 

0-0454 

0*»,I454 

0 0000 

5 

96 

0*0550 

0-05<i7 

■1 0-0017 

6 

•102 

0-0646 

t 

0*0655 

■i-o 0009 

7 

384 

1 0-0742 

1 , 1 

0*0723 

— 1)-0019 

- * 8 

768 

0-0.'';40 : 

0-083! i 

— O-lfOOO 


From the relationship log^=r/-y — I*, it follows 
that under the ex])erirnental conditions y=~0'0?>2 
log t — 0*0085, and hence the velocity' of the reac- 
tion is dyjdt = 0*032L^, and the acceieraiicn is 
d^yldt^ =0*032L^. 'The velocity of the reaction 
varies inversely as the time, and the acceleration 
is negative and is in inverse pro])oition to the 
square of time. The reaction is thus .strongly 
retarded and can only re; cli CGin|>lttion at the* 
end of a considerable period of time, which, vhen 
calculated from the experimental data, is found 
to he over six months. This conclusion isanived 
at when the reacting bodies are in continuous 
and intimate contact but the retention of such 
soluble phosphates must proceed at a miuh 
slower rate under the conditions which oldain 
in the soil. This is due to the fact that carbonates 
in the soil are protected by soil colloids or locked 
up mthin other minerals. Consequently, they will 
not be so freely exposed to the action of sodium 
phosphate solution as the finely |>recipitated, 
pure calcium carbonate used in the experiments. 
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Therefore, soluble pliospliates of the above type 
reacting slowly, or none at ail with calcium 
carbonate, as in the case of socliimi meta- and pyro- 
phosphates,. will have enough time during the 
growing season to get themselves easily distributed 
more uniformly i.nto deeper layers, resulting in a 
wider and dTeeper root action and better cropping 
in calcareous soils. 

Summary and- conclusions 

1. The effect of superphosphate on crop yields in 
calcareous soils is uncertain and erratic, although 
better results are usually obtained with it w^hen 
applied in conj unction with heavj^ organic manu- 
res. This is due, among other factors, to the 
retention of water-soluble P 2 O 5 in the upper layers 
of soils as insoluble calcium phosphates above the 
root -range of many crops and also to the dele- 
terious influence of gypsum present in commercial 
super. 

2, On the other hand, pyro- and meta-phosphates 
of sodium having no reaction at all with calcium 
carbonate, and di-sodium hydrogen phosphate 
which reacts only slowly with soil carbonates ren- 
der a more even distribution of their P 2 O 5 through- 
out the deeper layers of calcareous soils, resulting 
in a wider and deeper root action and better crop- 
ping. This has been satisfactorily demonstrated 


in calcareous soils both by pot and field experi- 
ments. 

3. Higher soluble phosphates of the type of 
sodium meta-and pyro-phosphates containing 
respectively PO 3 and PgO^ ions which do not 
react at all with calcium carbonate, give the best 
crop results in calcareous soils. This suggests 
a new method of manuring calcareous soil types 
with suitable phosphatic fertilizers. 

4. A slow, hut progressive action takes place 
between sodium phosphate solution and the 
calcium carbonate normally present in calcareous 
soils. The relationship between the amount of 
P 2 O 5 retained by soil carbonates and the time of 
reaction is a simple semi-logarithmic one, and 
can be expressed by the general equation, 

]ogi=ay—7c, 

where y is the amount of P 2 O 5 retained in time 1 , 
and a and Jc are constants. 
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ON THE BACTERIOPHAGE OF ROOT NODULE ORGANISMS 

By S. C. Datta, Imperial Agricultural Research Institute, New^ Delhi 
(Received for publication on 9 February 1944) 


Desai [1932] reported investigations on the 
nature of bacteriophages of root nodule orga- 
nisms in which he evolved a method for the isola- 
tion and enhancement of the virulence of bacterio- 
phages of certain leguminous plants. Following 
the method evolved by him the work on the bac- 


Worh done at Pusa. Various leguminous plants 
were tested for the presence of bacteriolytic prin- 
ciple in their nodules. While some of them con- 
tained specific bacteriophage others did not show 
presence of any in them. The results are given in 
Table I. It will be seen from this table that ber- 


teriophages of root nodule organisms proceeded 
on the following lines : {{) whether bacteriophage 
occurs in ail legumes, (n) if it occurs whether it is 
the same or differerit in different types of nodules, 
and if different, whether they form any basis for 
the classification of nodule bacteria, {Hi) the rela- 
tionship of bacteriophage to the formation or other- 
wise of nodules, and any practical utility of 
bacteriophage in nature. 

A part of the wwk reported in this paper was 
carried out in 1932 and 1933 at Pusa in Bihar and 
the work w^as stopped in 1934 due to the great 
earthquake. The Avork was resumed at Delhi in 
1940 w^hen some of the conclusions arrived at Pusa 
had to be modified in the light of newer knowledge 
gained by working on legumes grown on differeht 
types of soil. 


seem {Trifolium aUocandrianum), Sweet pea {Lathy- 
rus odoratus), Lucerne {Medicago sativa)^ Karao 
{Pisum arvense), Gram {Cicer arietum), Dolichos 
{Dolichos Lablah), contained bacteriophage in their 
root nodules, but cowpea {Vigna catjang), Sann- 
hemp {Crotalaria Jimcia), Mung {Phaseolus radig- 
tus), Pea {Pisum sativum), Fennugreek {Trigonetla. 
Foenum grascum), Math {Phaseolus aconitifoUus), 
Indigo {Indigofera Tindoria), Arhar {Cajanus in- 
dicits) did not show presence of bacteriophage in 
their nodules. Attempts were made many times 
to isolate phage from these plants, but no success 
eould be attained. It was then presumed that cer- 
tain legumes have got phage in their nodules yrhile 
others have not. These tentative conclusions have 
had to he modified when -newer knowledge was 
gained by the work at Delhi. Karnal and Lyallpur, 


..BACTBBIOPHAGE op boot.. nodule organisms 


Time of appearance of bacteriophage in the legu- 
mes, It wiU be noticed firom Table I tRat tRe 
young plants did not indicate appearance of the 
bacteriophage in any types of plants experimented 
with. These results, so far as they go, are at 
variance with those of Laird [1932] who observed 
that bacteriophage might be isolated readily from 
young plants, and with difficulty or not at all from 
old ones. 

Specificity of bacteriophages. Having obtained 
six different cultures of bacteriophages their speci- 
ficity in the production of lysis on the solid medium 


of cultures of different species of nodule organisms 
individually and separately was tc‘.stecl The 
results are given in Table 11. It will be seen that 
berseem bacteriophage and sweet pea bacterio- 
phage touched cultures of berseem and street pea 
organisms in direct and cross inoculations, gram 
bacteriophage touched both gram and lucerne 
organisms, while lucerxie phage did not touch the 
gram organisms, the other bacteriophages tonelied 
only their own organisms but not others. It 
seems some of the bacteriophages are specific for 
their own organisms. 


Table I 

Bacteriophage in legumes 


Legume 

2 weeks 

[4 weeks 

6 weeks 

8 weeks 

10 weeks 

1. Berseem .... 



+ + L 

+ “r -r 

-r + "i“ 

2. Sweet '"pea . 

— 

L + L 

-h -f. -j- 

+ + + 

+ 4. - j- 

3. Lucerne .... 

— 

— 


-r + 1- 

+ L + 

4. Karao . 

, 

- . — 


4" -j- -r 

4~ + "b 

5. dram . . . ^ . 



g ^ 

+ + L 

_L g- -I. 

-t~ + + 

6. Doliohos 

— 


+ -1- + 

1 a. _|.» ^j-. 

+ L + 

7. Cowpea 

— 

— 

— 

— 

^ 

8. Samihemp . 



— 

— 

— 

* — - 

9. Mung . . 

— 

— 

— 

— 

- ■ — 

lO. Pea .... 

— 

— 

— 

— 


11. Fennugreek .... 

— 

. 

— 



12* Meth .... 

— 

— 

— 

— — ~ 

. — — 

13. Indigo 

— 

, — . - 


— 


14. Arhar . . . . . 







Table II 


Bacteriophage 






Berseem 

Sweet pea 

Lucerne Karao Gram Dolichos 


Berseem 



• 0 

0 



Sweet pea 



0 

0 

. . . . . . ' . . . 

f 

Lucerne . 





0 .. 0/ .. 

1 ' 

Karao . 



• . . 

« « 

0 . . 


Gram . 



• # ♦ 


■ .. 0 . .. 

[. 

Dolichos 



■ . . . 

. . 

.. 0 

1 . 








Worh done at Delhi. On the transfer of the 
Institute from Pusa to Delhi in 1936 it was neces- 
sary to freshly isolate bacteriophage from the root 
nodules of berseem as the cultures^ of berseem 
bacteriophage were contaminated in transit. The 
Agricultural Farm of the Institute started growing 
berseem in Delhi area, for the first time in 1936-37. 
Previously no such fodder crop was grown in this 
area. Samples of berseem nodules were collected 
in 1936-37 in J anuary and in March. The samples 
were analysed for the presence of bacteriophage; 
But no bacteriophage could be isolated. This trial 


was repeated in 1937-38 and 1938-39 without any 
success. While at Pusa berseem lattcriophage 
was easily isolated from the nodules of berseem 
plants growing in the berseem fields. These plots 
were holding berseem stands for a number cf years. 
The failure to isolate any baderioljtic jrinciple 
from the berseem plants growing at tbe Delhi 
Farm led to the supposition that bacteriophage is 
produced in certain soil but not in others. With 
this end in view it was decided to study the ber- 
seem plants growing in Lyallpur and Kara al soils. 

' In March.. 1941' six samples of beiseeni' nodules were 
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collected from Ij3.^allpiir farm from' plots growing 
berseem for six and twelve, years ; and four 
samples, from Kariial farm from plots growing ber- 
seem for one, two, three and live years. These 


samples were stored in sterile test tubes and 
brought to Delhi for analysis. The results of 
analysis of these samples for the presence of bac- 
teriophage are given in Table III. 


Table III 

Presence of bacteriophage in the nodules of berseein plants growing at Lyallpur and Karnal farms 



Place 

Phage after 

24 hr. 

Phage after 

48 hr. 

Phage after 

72 hr. 

1. Berseem growing in the plots for 2 years 

Lyallptir 

-f- - 



2, Berseem growing in the plots for 2 years 

Lyailpur 

— 

"1 

' ' 

3. Berseem growing in the plots for 6 years 

Lyailpur 

+ + “ 


"h + + 

4, Berseem growing in the plots for 6 years 

Lyailpur 



+ + + 

5. Berseem growing in the plots for 12 years in 

Lyailpur 


4* “1 — 

+ -1^- 

• rotation 





6. Berseeoa growing in the plots for 12 years in 

Lyailpur 


+ 1 — 

+ +- • 

rotation 





7. Berseem growing in the plots for 1 year 

Karnal 

— 

' 

— 

8. Berseem growing in the plots for 2 years 

Karnal 




9. Berseem growing in the plots for 3 years 

Karnal 



. 

10. Berseem growing in the^ plots for 5 years 

Karnal 


+ + + 

+ + + 


The results of investigations on bacteriophage 
both at Lyailpur and Karnal gave a new outlook 
on this subject; It will be seen from Table III 
that the plots having berseem stand for 1 to 3 
years rarely produce any bacteriophage, while 
plots having berseem stands for more than 3 years 
always produce bacteriophage in the nodules of 
berseem plants. This gave us the solution as to 
why we did not get any bacteriophage from the 
berseem plants growing at the Institute Farm for 
one, two and three years. From both Lyailpur 
and Karnal results we arrived at a hypothesis that 
bacteriophage is produced in plots with Berseem 
plants for three years and more and that no bac- 
tenophage is produced in plots which have got 
berseem stand less than 3 years old. In support 
of our hypothesis w^e have got the work of Demolon 
and Diinez [1935] in France, and Vandecaveye and 
Katznelsoii [1936] in America. A brief summary 
of their work will not be out , of place to mention 
here. 

Demolon and Dunez [1935] succeeded in isolat- 
ing bacteriophage from the nodules, roots and stems 
of all alfalfa over one year old on alfalfa sick soils 
or what they called ‘ fatigued alfalfa fields * in a 
number of districts in France, but experienced 
difficulty or failed in finding it in the roots of alfalfa 
over 3 years old or in those of old alfalfa plants 
devoid of nodules. They also isolated bacteriophage .. 
from the soil carrying old stands of alfalfa, but 
not from soils in other crops or carrying young 
stands of alfalfa. They are of opinion that the 
presence of tins lytic agent in the soil or in plant 
tissues interferes with normal symbiosis of the 


nodule bacteria and the host plant. Vandecaveye 
and Katzneison [1936] isolated a potent lytic prin- 
ciple active against four out of five laboratory 
stock cultures of Rhizobium moliloti from each of 
two soils from the Yakina district carrying 3 years 
old alfalfa stands. They failed to isolate any 
bacteriophage from the soils carrying alfalfa plants 
less than 3 years of age. In their ease the most 
common sources of bacteriophage were the soil 
from fields occupied by alfalfa off and on for many 
years and 3 and 4 years old stands. Nodulation, 
on the whole, was poor on plants in fields from 
whose soils lytic principles were isolated. They 
could not arrive at any definite con elusion as to 
bacteriophage being responsible for the reduced 
yields of alfalfa. 

In the light of experience gained at Lyailpur " 
and Karnal and on a line similar to the work 
of Vandecaveye and Katzneison work was start- 
ed at Delhi in 1941-42 comprising laboratory, 
field and pot experiments. • In the top block area 
of Farm benseem was growing since 1937-38 and 
comprised plots carrying berseem stands for two, 
three, four and five years. Kodules from these 
plots were collected during two seasons, 1941-42 
and 1942-43*and were examined for the presence of 
bacteriophage. Two samples were collected- — one 
in J anuary and the other in March. The results of 
these analyses are given in Tables IV and V. 

It will be seen from Tables I V and V that in Delhi 
soil also bacteriophage was produced in the plots 
whicli were bearing"' berseem stands for three 
years and more. The soils from the plots having 
berseem plants for three years and more were 


BA(11"EIII(:)PHAGE GE BOOT NOBtJBE O'EOANlBKfS' 

Tabijs IV 

Production of bacteriophage in Delhi soil {1941-42) 


. . Plot No. 

No. of years 
under 
berseem 

Sample ■! 

Sam j 3 le II 

1 . Top Block Plot 2 . . ... . ' . 

2. Top Block Plot 4 .... .... 

3. Top Block Plot 6 . • > 

4. Middle Tilock A 1 ........ 

4 years 

3 years 

2 years 

1 year 

"i 

M 4~ 4 . 

Table V 

Production of bacieriophage in Delhi soil {1942-4:3) 

Plot No. 

No. of years 
under 
berseem 

Sample I 

Sample II 

L Top Block Plot 2 . 

2. Top Block Plot 4 ........ 

3. Top Block Plot 6 . . . . . . . . 

4. Middle Block A 1 ........ 

5. Middle Block A 5 ........ 

5 years 

4 years 

3 years 

2 years 

1 year 

+ "h + -p -p 

+ -r *-!- + ■"!" + 

Not sown with Berseem 

1 ' 


examined for the presence of bacteriophage and 
were found to contain bacteriophage ; while the 
soils having berseem plants less than 3 years did 
not contain any bacteriophage. Thus we have 
confirmed the work of Vandecaveye and Katxnel- 
son that bacteriophage does not appear in soils or 
in nodules of plants growing in the soil for less than 
three years. 

In the light of experience gained by our work at 
Delhi we will now try to explain why we failed at 
Piisa to isolate bacteriophage from some of the 
leguminous plant nodules. At Pusa, bacteriophage 
was isolated from berseem, sweet pea, karao, 
dolichos, gram and lucerne. These plants were 
growing in the same plots at the pot culture area 
for a number of years. These, by their association 
with the same soil for a number of years, develop- 
ed bacteriophage in their nodules, whereas in the 


case of cowpea, feiinugreek, sunn-hemp, mung, pea, 
math and indigo, they were planted one or two 
times, each in a small plot, simply for the isolation 
of bacteriophage. The plots varied year after 
year. This is why we failed to isolate bacteriopha- 
ge from the nodules of these latter plants as they 
were not in the same soil for more than one year. 
In order to test the validity of this statement, pea , 
fennugreek, lentil, khesari, sweet pea were 
grown for three years in the same pots each 
having four separate pots. The nodules of these 
j)lants were examined for the presence of bacte- 
riophage. The results are given in Table VI. It 
will be seen from the table that baoteriophage 
appeared in pea, sweet pea and began to appear 
in fennugreek and khesari in the third year of 
their growth in the same soil. No bacteriophage 
appeared in the lentil in the third year. 


Table VI 

Produce of bacteriophage m different lagumes 



1941-42 

1942-43 

1943-44 . 

Sample I 

Sample II 

Sample I 

Sample II 

Sample I . 

Sample 11 

'■ . ■ ;■ 

1 . Pea " ' . ' . , ' , - , . , . 1 



— 4- 


H — - 

+ + + 

2. Fennugreek 

- — ■ 

-- 



' - - ■ . 


3. Lentil . . 

— 


— 

- — — , ] 

■ ' — 

> - - — 

4. Khesari 


- ' 

— 



d 

5. Sweet pea . ♦ . . . . 


■ - - 

, - 

- ; 


+ d-d- 


»i 


I 

\:i 

I 

■ 


4 * 


I 
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Viability of bacteriophage in soih Viability^ of 
bacteriophage in soil was studied by ^ examining 
soils containing bacteriophage. In March 1942 
eight samples of soil were collected aseptically 
from Plot A 1 Middle Block growing berseem for 
the last five years. Five of these soils showed pre- 
sence of bacteriophage. These soils were kept in 
the laboratory under the same aseptic condition. 
They were tested in December 1942 after a period 
of nine months for the presence of bacteriophage. 
Almost all of them showed the presence of bacterio- 
phage. It is evident that bacteriophage can snr- 
we in the soil for a considerable length of . time. 
The results are given in Table VII. 

Table VII 

Viability of bacteriophage 


1 

Soil from Middle Block A 1 j 

: 1 

March 1943 December 

1943 

1. HotB . . 

-f + + -j- -f- -p 

1 2. Plot D . . • • 

4" + + -j. -j- 4- 

3. Plots' ... 

+ 4- + 4-4-4- 

1 4. Plot G . . 

4~ 4“ 4~ -h + .-f- 

j 6. Time of sowing plot 

1 - - 

4“ 4- 4- 4-4-4- 


Action of various manures on the production of 
bacteriophage. In order to study the .action of 
different manures on the production of bacterio- 
■ phage, samples of nodules from berseem plants were 
collected from top block plot 1 manurial experi- 
ment plots. These plots were under berseem for 
the last three years. Six plots were selected with 
different treatments (1) F. Y. M. 80 lb. N, (2) Acti- 
vated sludge 80 lb. N, (3) Am 2 SO^ 80 lb. N, (4) 
Superphosphate 4 md., (5) Complete minerals, (6) 
No manure. The nodules were examined for the 
presence of bacteriophage. The results are tabu- 
lated in Table VIII. It wiU be seen that applica- 
tion of activated sludge, ammonium sulphate and 
superphosphate favours the production of bac- 
teriophage in the nodules of berseem plants. This 
experiment has been done for the first time this 
year and has not been confirmed by subsequent 
work. 

Summary 

The root nodules of different leguminous plants 
were examined for the presence of bacteriophage. 
While some of the leguminous plants contained 
bacteriophage in their nodules, others did not show 
the presence of any. The reason for the presence 


Table VIII 

Presence of bacteriophage 


Treatment 

1. Plot B F. Y. M. 80 lb. N 

2. Hot D Activated sludge 80 lb. N . 

3. Plot F AmaSO^ 80 lb. N . * • 

4. Plot G Superphosphate 4 md. 

5. Plot K Complete minerals on the basis of B 

6. Plot D No manure , . . . 


of bacteriophage has been found to be the asso- 
ciation of the plants with same soil for a number 
of years. 

The specificity of bacteriophage has been 
studied and bacteriophage has been found to be 
specific for the host plant while some of them 
cross-inoculate. Viability experiments conducted 
show that when kept under aseptic condition the 
bacteriophage remains active for several months. 
Action of manures on the production of bacterio- 
phage has been studied and it is found that am- 


23 February 
1943 

26 March 
1943 

27 April 
1943 

4--- 



+ + - 

4-~-' 

,4"4 — 

4-4 — 

-f - ' ' 

4_ _j — 

— 

■' 



monium sulphate, superphosphate and activated 
sludge favour production of bacteriophage in the 
root nodules. 
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EFFECT Ot ALGAL GROWTH ON THE ACTIVITY OF AZOTOBAGTEB m 

RICE SOILS 

By M. Stjlaiman, Agricultural Chemistry Section, Dacca University 

(Received for publication on 7 February 1944) 

(With Plate VI) 


The appearance of an abundant growth of 
aigae in submerged rice-fields is a very common 
phenomenon. Several workers have investigated 
the rdle of these algae in the transformation of 
nitrogen in rice soils. Be [1936] observed consi- 
derable fixation of nitrogen in some rice soils, in 
which an abundant growth of algae had taken 
place, after they had been waterlogged and exposed 
to sunlight for some time. He concluded that the 
agents responsible for this fixation are certain 
blue-green algae, and that the part played by 
Azotobacter in this process is relatively unimport- 
ant and possibly nil [Be, 1939]. Eecently Singh 
[1942] isolated some nitrogen-fixing blue-green 
a%ae from rice soils of Bihar and the United 
Provinces, and observed that these algae are 
responsible for nitrogen recouperation in these 
soils. But Chaudhuri [1940], working with rice 
soils from Paridpur* (Bengal), concluded that 
algae play a relatively unimportant part in a 
direct manner in fixing atmospheric nitrogen in 
the rice-fields, but that the dead algal bodies pro- 
vide a suitable medium for the growth ’of Azotor^ 
bacter, on which the latter thrives bringing about 
considerable fixation of nitrogen. According to 
him, therefore, it is Azotobacter, and not algae, 
which fixes nitrogen in rice-fields. It is note- 
worthy, in this connection that several workers 
have studied the effect of associated growth of pure 
cultures of algae and Azotobacter on the fixation 
of nitrogen, but obtained no evidence that the 
former exerts any beneficial effect on the growth 
and activity of the latter. 

Lipman and Teakle [1925] observed small 
increase in nitrogen (0 *5 mg. in 50 c.c, of medium) 
when Ghlorella and Azotobacter were grown to- 
gether. The increase, however, is small enough 
to lie within the experimental error of the nitrogen 
determination. Allison and Morris [1930] re- 
ported that there was “no increase in nitrogen 
fixation when Azotobacter vinelandii was; grown 
in association with each of four species of green 
algae. Be [1939] made cultures of two species of 
blue-green algae with Azotobacter chroococcum, and 
found that the fixation by the associated growth 

*Be [1939] mad© an extensive study of this particular 
soil, from which he isolated some nitrogen-fixing blue- 
green algae and concluded that these algae directly fix 
nitrogen in this soil 


was same as by algae themselves. .R,:ecently 
Stokes [1940] studied the effect of nine strains of 
green algae on the growth of Azotobacter chroococ- 
cum and AzoMacter mnelandii, Azotobacter 
failed to make appreciable growth in presence of 
actively growing cultures of algae, or when sup- 
plied with their dead ceils or the secretion products 
as the sole source of nitrogen and carbon. From 
the results the author concluded that the indirect 
r6le of the majority of soil algae in the fixation 
of atmospheric nitrogen either is nonexistent 
or functions to only very small extent. 

The present investigation has been undertaken 
to study the effect of algal growth on the activity 
of Azotobacter in rice soils. It was thought that 
the knowledge obtained would be useful fostly in 
deciding whether algae reaUy favour Azotobacter 
growth in riee-fields, and secondly in ascertaining 
the r61e played by this latter organism in the 
fixation of nitrogen in these soils. 

Exfeetmbntal . 

Materials 

The algal materials used in this investigation 
were obtained from Faridpur soil — the same soil 
as was used by Be and Chaudhuri in their experi- 
ments. >Small portions of algal growths were col- 
lected before harvest when the soil was still water- 
logged, without disturbing the soil as far as pos- 
sible. The samples were rapidly dried first in 
air and then in an oven at 80°C., finely powdered 
and then preserved for use in the experiment. 
The nitrogen content of the dry powder was 2 *12 
per cent, fficroscopic examination of the moist 
growth showed that it was rich in blue-green algae, 

Auailahility of the dead algal bodies as energy 
materials for Azotobd^eter 

To investigate the availability of the dead algae 
as a source of energy for Azotobacter, 100 c.c. por- , 
tions of a nitrogen-free solution, § containing one 
gram of powdered algal material, were incubated 
at 30°C. after inoculation with a suspension of 
soil. A second set of cultures, using mannite (an 
excellent source of energy for Azotobacter) in 
place of powdered algae, were simultaneously 

gm., MgSO^, 7H2O^0*2 gm. 
3 Sra 2 Mo 04 — 0*025 gm., CaCOa— -5 gm., FeCh — 0*05giEi,. 
and water 1,000 
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Started in order to compare the relative availabi- ment were analysed for total nitrogen by Kjeldahl 
lities of these two materials. At the end of 7 method, there being no nitrate in any of the cul- 
and 16 days, duplicate cultures from each treat- tures. The results are shown in Table I . 

Table I 

Nitrogen fixed in culture solutions 
(From 26 February to 12 March 1943) 

N in mg. in 100 c,c. of the culture solution 


Energy material 

At start 

After 7 days 

Fixed in 7 days 

After 15 days 

Fixed in 15 
days 

Bead algae . . . 

Maimit© . . • • 

21*5 

0*3 

22*0 

9*7 

0*5 

9-4 

21*5 

* 13-7 

0*0 

13*4 


The results in Table I show that the dead algae are 
not readily available to Azotobacter as a source of 
energy. 

Changes in Azotobacter and total bacterial numbers 

In order to observe the effect of algal growth on 
the changes in Azotobacter and bacterial numbers, 

. 20 gm. portions of soils were distributed in a number 
of 250 c.c. Erlenmeyer flasks, half of which were 
previously wrapped with glazed black paper to 
exclude sunlight. The soils were brought to 
waterlogged conditions by the addition of either 
200 c.c. of distilled water or an equal volume of 
a nitrogen-free solution, the latter treatment 
having been found' to stimulate algal growth 
(K2HPO4— 0-5 gm., MgS04, 7H20-~0'2 gm., 
CaSO4--0.1 gm., Ca3(P04)2 — l.O gm., EeP04 — 
OT gm., water 1,000 c.c.). After the flasks had 
been plugged with cotton wool and their necks 
‘ covered with loose rubber caps to prevent rain 
‘water, they were all placed in a bath of gunning 
water whereupon the whole arrangement was 
exposed to sunlight. Algae appeared in all 
flasks in the light, but in none in the dark, i.e. in 
flasks covered with black paper. At intervals of 
15 daySj one flask from each treatment was re- 
moved for the determination of Azotobacter and 
total bacterial numbers. Total nitrogen Tras 
determined after 30 and 60 days, 

Azotobacter w^as determined by a method develop- 
ed by Jensen [1940]. In this method 0*2 c.c. 
portions of a soil dilution of 1 : 10 are placed on 
three sterilized petri dishes containing hardened 
dextrin-agar medium (medium described earlier, 
made with 1 per cent dextrin and 2 per cent agar), 
and evenly spread over by means of a L-shaped 
glass rod. The excess of water is allowed to evapo- 
rate, The plates are incubated at 30°0. for five 
days after which the colonies are counted. An 
advantage of this method is that the 


colonies formed are discreet and very easily dis‘ 
tiriguishable (Plate VI, fig. 1). 

In the present experiment the ratio of soil and 
water in each flask at start was 1 : 10 (20 gm. of 
-soil in 200 c.c. of water or solution), i.e. the same 
ratio as is necessary for counting. In the beginning 
of the experiment, each flask was marked with a 
glass pencil to indicate the level of the liquid. 
Before counting the level was brought to this mark 
by the addition of sterilized water where neces- 
sary. Such addition, however, was not generally 
required as the evaporation of the liquid from the 
cultures was very little. The flask was then closed 
with a sterilized rubber cork, vigorously shaken 
for three minutes and 0*2 c.c. portions of the sus- 
pension plated as above. 

For bacterial counts, the above suspension (1:10) 
was further diluted, one c.c. portions of a dilution 
of 1 : 100,000 being plated with Thornton’s [1922] 
agar. Four Parallel plates were run, which were 
incubated at 30^ C. for seven days, after which the 
colonies found were counted. 

The results of nitrogen determination, and of 
Azotobacter and bacterial counts are shown in 
Tables II, III and IV respectively. 

A reference to Table III shows that the numbers 
of Azotobacter were consistently lower in the light 
than in the dark, i.e. in presence of algae Azotohac- 
ter- was less abundant. But the results in Table 
II show that fixation of nitrogen took place only 
in the flasks in which algal growth had taken 
place. Thus there is no correlation between nitro- 
gen fixation and Azotobacter growth. If the latter 
organism was really involved, in the process, then 
there would have been fixation (and perhaps in 
greater amount) in the dark as well where it was 
present in higher numbers. It will also be re- 
membered that nitrogen fixation is a function of 
the growth of the nitrogen-fixing organisms, 
consequently if a particular organism is fixing 
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IV]' ALGAL GROWTH ON THE ACTIVITY OF IN ' RICE SOILS 

Tabte II 

FixaUon of nitrogen in rice soils 


(From 19 May to 17 Jxily 1942) 
N in mg, per culture flash 




Soil+Water 

Soil -f Solution 



Light 

Dark 

Light 

Dark 

Locality. 

Days 











Total 

B^ixed 

Total 

Fixed 

Total 

Fixed 

Total 

Fixe 

Coimbatore, 

0 

15-2 


15-2 


15-2 


15*2 , 


Madras 











30 

17-2 

2-0 

15*0 

—0*2 

17*2 

2*0 

14* 9 

—0*3 


60 

18-0 

2*8 

15*0 

-0*2 

19*7 

4*5 

15*0 

—0*2 

Sabour, Bibar 

0 

22*0 


22-0 

’ ' i 

22*0 


22*0 



30 

25-0 

*3-0 

21*9 

--6*1 ! 

! 26*1 

’4*1 

22*0 

*6*0 


60 

! 26* 1 

4-1 

! 

21*8 

1 ‘ 

-0*2 1 

1 28*9 

6*9 

21*9 

— O-i 


Tabte III 

Effect of algal growth on the changes in Azotobacter numbers 

(From 19 May to 17 July 1942) 


Azotobacter per 0* 1 gm. of dry soil averages are in brackets 


Locality 

Days 

Soil ~f Water 

Soil + Solution 

Light 

Dark 

Light 

Dark 

Coimbatore, Madras — pJS =8*40 

0 

340 

340 

340 

340 



310(333) 

310(333) 

310(333) 

310(333) 



350 

350 

350 

350 


15 

135 

200 

* 180 

240 



120(127) 

175(187) 

175(178) 

265(240) 



125 

. 185 

. . 

225 


30 

150 

205 

200 

315 



130(142) 

230(212) 

205(216) 

340(342) 



154 

200 

245 

370 


45 

160 

300 

240 

315 



170(160) 

325(327) 

230(235) 

310(330) 



150 

355 

235 

366 


60 

105 

240 

260 

360 



105(110) 

280(262) 

245(253) 

320(335) 



120 

265 

265 

. 325 

Sabour, Bihar — ^5?H=8*30 

0 

500 

500 1 

500 i 

500 



620(500) 

520(500) 1 

520(500) 

320(600) 



480 

480 1 

480 

480 


15 

235 

250 ^ 

^ 475 

500 



250(242) 

265(252) 

450(452) 

300(613) 


" 

240 

240 

430 

540 


30 

300 

450 

470 

600 



335(315) 

480(478) 

485(492) 

630(800) 



310 

505 

620 

670 


1 ■ 45 , 

300 

590 

465 

645 



360(320) 

530(552) 

425(440} 

620(660) 



300 

535 

440 

686 


. , , 60 

120 

600 

385 

640 



115(125) 

585(600) 

380(390) 

630(626) 



140 

615 

405 

605 
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nitrogen in a certain envkoinDaent, its nnmber 
shotild show enormotis increase at some stage at 
least during the process* Ent as seen in Table 
II, in none of the soils and at no stage of the 
experiment, did AzotohacUr show any tendency to 


[XIV 

mnltiply, showing thereby that the conditions 
occarring in the cultures were never suitable for its 
growth. All these facts go to prove that Azoto- 
bacfer does not play any part in the fixation of 
nitrogen in rice soils under waterlogged condiions. 


j ■ Table IV 

' ! Effect of algal growth on the changes in bacterial numbers 

i (From 19 May to 17 July 1942) 


Bacteria as millions per gm. of dry soil; a'oerage of 4 plates 



1 ■ — — 

Locality 

Dayo 

Soil+ Water 

I Soil 4" Solution 

i 

Light 

Bark 

Light 

Bark 

1 • Coimbatore, MadraS' ■ . 

0 

3*60 

3*60 

3*60 

3*60 

! 

1 


15 

12‘10 

14*02 

12*52 

14*86 

! 

} 

i ' ■ 

30 

16*40 

21*50 

17*20 

21*00 



45 

11*60 

16-60 

12*70 

17*50 

1 

! ^ 

1 

j , , 

60 

5*65 

13*75 

12*00 

17*33 


•I' ' ■ 

1 Sabour, Bihar 

0 

5*10 

5 • 10 

5*10 

5*10 


■i’" ■ ■ 

16 

11 55 

15*77 

13*60 

16*30 

'Ik 

1 

30 

13*13 

18*90 

14*25 

14*55 

1 

5 

45 

8*73 

16*05 

7*80 

12*45 



60 

8*60 

13*00 

7*90 

11*25 


Like bacterial numbers were also side of the lower half of each petri dish. The 

less in presence of algae. It was also suspected plates w’ere inoculated by streaking a loopful of a 

ttiht some products, toxic to Azoiohacter suspension of Azotobacter in water over the medium 

and other bacteria, might have been formed just above and from end to end of the line drawn. 

M the soil as a result of algal growth. The In this way the conditions of inoculation were 

following experiment was undertaken to test this standardized — the number of cells in each in- 
possibility. oculum and the amounts of nutrients available 

Two equal amounts of a rice soil were brought to them being kept constant as far as possible, 
to waterlogged conditions by the addition of Elate VI, fig. 2 shows the growth of 
i' same volume of distilled w'^ater and then exposed in the two media after 5 days^ incubation at 

I to sunbght, after having covered one with black The growth is apparently considerably less in the 

!; paper. As observed in other experiment, algae medium made with the water from soil cpntaing 

appeared only in the soil kept in the light. After algal growth. In . fact, when freshly prepared 

two months, the supernatant water from each media were used, the difference was more marked 

was carefully siphoned off and filtered. Chemical, than as shown in Plate VI, fig. 2. It will be seen 

j analysis showed that the filtrates contained very that the two plate cultures were made under 

I little K (Ip.pm.) and no phosphate. Using these exactly similar conditions, except that the samples 

two filtrates in place of distilled water, two dex- of water used in the preparation of the media were 

trin-agar media were prepared accor<tog to the obtained from different sources. The difference 

formula given previously. Equal volumes of in growth must, therefore, be due to the difference 

the melted piedia were hardened in petri dishes of in qualities of the two water samples. Evidently 

same size, and by means of a glass pencil a straight the sample obtained from soil with algal growth 
line, 1 cm. in length, was drawn on the bottom had contained something which inhibited the 
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■rowth of Azotobctcier, This explains why this 
Organism was less abundant in presence of algae. 


Decomposition of dead algal bodies 

After harvest rice soils are allowed to dry np 
when the algae which had appeared during the 
previous waterlogged period die, forming a 
dry scum over the soil surface. The material 
ultimately decomposes in the soil, the conditions 
of which remain very suitable for bacterial activity, 
particularly during the few months in winter. 
The average temperature lies between 25-30°C., 
and there remains in the soil sufficient moisture to 
favour the gro-wth of the micro-organisms 

In order to find whether the decomposition of 
dead algae in soil under dry conditions leads to 
fixation of nitrogen, 100 gm. portions of soils 
were distributed in two glass dishes, one of which- 


. remained untreated and the other received an 
addition of 2*5 gm. of powdered algal bodies. 
The moisture contents of the soils ivere adjusted 
to 15 per cent on dry basis and were maintained at 
this value throughout the experiment by periodic 
additions of w^ater. The dishes were placed in 
an incubator at 30°C., and the soils w*ere daily 
stirred to facilitate aeration. At intervals, soil 
samples were withdrawn for determination of total 
nitrogen and for Azoiobacter and bacterial counts. 
Total nitrogen was determined by the modified 
Kjeldahl wet method, there being ho nitrate 
accumulation in the soils. Azoiobacter and bac- 
teria were counted by the methods already 
described. 

Results of nitrogen determination are given in 
Table V and Azoiobacter and bacterial counts in 
Tables VI and VII respectively. 


Table V 

Decomposition of dead algal bodies on nitrogen fixation 
(From 26 February to 26 April 1943) 

N in mg, per 100 gm. dry soil 


Locality 

Treatments 

At 

start 

After 

15 days 

After 

30 days 

After 

45 days 

After 

60 days 

Fixed in 
60 days 

Faridpur, Bengal 

No treatment 

' 

47*0 

48-0 

46*5 

47*0 

47*0 

1 

0*0 


Algae* 

100-0 

101*0 

100*0 

97*5 

96*0 

-4*0 

Coimbatore, 

No treatment 

82-0 


81*0 

82*0 

81*6 1 

— 0*5 

Madras 

Algae . 

135*0 

•* 

135*0 

132*0 

130*5 

— ' 5 

Sahour, Bihar . i 

No treatment 

116*5 


116*8 

116-0 

117*0 

+0-6 

: 1 

Algae . 

169*5 

•• 

170*0 

167*0 

165*0 

-4-5 


*N added with 2*6 gm. of powdered algae = 53*0 mg. 

Results in Table V show that, instead of there 
being any fixation of nitrogen, considerable loss 
of this element took place from every soil treated 
with powdered algae. It is not known how this 
loss was brought about, but this is a common 
observation that when soil is treated with materials 
rich in nitrogen, some loss of this element generally 
takes place. At any rate, there is no evidence 
that nitrogen-fixation takes place in the rice soils 
as a result of the decomposition of dead algae. 

This conclusion is also supported by Azoiobacter 
counts which showed no sign of multiplication 
(Table VI). But the total bacteria multiplied 
enormously both in the control as well as in the 
treated soil — considerably more in the labter 
(Table VII). This shows that the addition of 


algae had made the soil more favourable for 
bacterial growth; this observation further suggests 
that the 'inhibitory substances’ formed in the 
w^aterlogged soil probably did not survive under 
dry conditions. 

The foregoing e^^ are definitely against 
t\i% mew AhsA Azoiobacter fixes nitrogen in rice 
soils, utilizing the dead algal bodies as energy 
source. Ohaudhuri [1940] came to such conclusion 
with respect to rice soils of Bengal, but he has 
given no data and practically no evidence in sup- 
port of his statements. 

In this investigation only the rdle played by 
Azotobacter chrooccccum has been considered. This 
is the most commonly occurring species which 
has been found to be widely distributed In Indian 
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Table VI nitrogen-fixiEg bacteria mis 


Decomposition , of dead algal bodies cn Azotobacter 
numbers 

(From 26 Febraary to 6 April 1943) 
Azotobacter per 0 * 1 gni, of dry soil averages are in brackets 



1 . 

I 

1 Treatments 

Locality 

[Days 

No treatment 

Algae 

Coimbatore, 

0 

227 

227 

•Madras 


205(223) 

205 (223) 

3?H = 8-40 


238 

238 

10 

205 

181 


228(209) 

170(181) 



194 

192 


20 

279 

205 


302(283) 

194(198) 



287 

194 


30 

219 

148 


184(204) 

160(152) 



209 

i48 


40 

270 

212 


290 (280) 

198(199) 



280 i 

187 

Sabour, Bihar 


393 

393 

l?H='8-30 

0 , 

424(403) 

393 

424(403) 

393 


10 

765 

620 


765(743) 

630(616) 



700 

597 


20 

640 

410 


700(660) 

390(400) 



640 

400 


30 

1200 

607 



1160(1150) 

607(598) 



1100 

680 


40 

1370 

680 



1310(1320) 

690(670) 



1280 

640 

Faridpur, Bengal 
jpH=8-36 

0 

20 

20(20) 

20 

20 

20(20) 

20 


10 

10 

10 



10(10) 

0(3) 



10 

0 


20 

137 1 

0 



126(126) 

0(0) 



114 

0 


30 

239 

10 



219(229) 

10(10) 



228 

10 


40 

260 

10 



236(252) 

10(7) 



260 

0 


rice soils. The recently discovered 
iThdicum [StB.x'kej and De, 1939] has been found 
only in a few soils, and as regards other species 
of this genus, .their occurrence in Indian rice soils 
has not been demonstrated. Besides J.2:o^o6acter, 
Clostridium pasteurianum and other anaerobic 


nitrogen-fixing bacteria might also play animpcrt- 
ant idle in the process particularly during the 
wateiicgging periods when the conditions of the 
soil remain pmlly anaerobic. This possibility 
is at present tinder investigation, the results of 
which will be published in due course. 

■ , Table VII A ': " 

Decomposition of dead algal bodies on bacterial 
numbers 

(From 26 February to 6 April 1943) 

Bacteria as millions per gm> of dry soil; average of 4 plate ^ 

Treatments 


Locality 

Days 

1 

No treatment 

Algae 

Coimbatore, 

0 

3-5 

3-5 

Madras 

10 

7-0 

21-0 


20 

155-2 

225-0 


30 

652-5 

765-0 


40 

602-0 j 

1040-0 

Sabour, Bibar . 

0 

6-0 

^ 6-0 

10 

62-1 

109-0 


20 

179-0 

225*7 


30 

370-0 

506*2 


40 

628-3 

930*0 

Faridpur, Bengal 

0 

1*7 ' 

1*7 

10 

12-3 

38*7 


20 

73-0 

107*8 


30 

343-7 

; 692*0 


40 

421-6 

702-0 


Summary 

■ There was no fixation of nitrogen when a culture 
solution, made with the necessary nitrogen-free 
nutrients and dead algal bodies from a rice field 
as the source of energy, was inoculated with a 
suspension of soil, showing that these algae do 
not serve as energy materials for hitrcgen fixation. 

Periodic estimations of and total 

bacteria in waterlogged rice soils, kept in the light 
(algae present) and also in the dark (algae absent), 
showed that the numbers of these organisAis were 
consistently less in the former, in spite of the fact 
that in these cultures nitrogen fixation had taken 
place. The results further showed tMtAzotobacter 
failed to multiply in either treatment. Evidence 
was obtained that some materials toxic to Azoto- 
bacter are formed in rice soils under waterlogged 
conditions as a result of algal growth. 

Determinations of total nitrogen at intervals 
in soils, treated with and without dead algae' 
and kept under optimum conditions of tempera- 
ture and moisture, showed considerable loss from 
the former. Here again Azotobacter was relative, 
ly less in the soil treated with algae and there wag 
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Fig. 1. Plate Counts of Azotobacter on dextrin -agar. 


Incubated 5 days at 30°C. 
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Fig. 2. Azotobacter growth on dextrin-agar plate. 
Incubated 5 days at 30°C. 
a — Medium made with water from a soil with- 
out algal growth 

b — ^Medium made with water from the same 
soil with algal growth 
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no ' sign of . its multiplication in either treatment. 
Total bacteria, on the other hand, showed increase 
in both treatments — much . more in presence of 
algae. It is presumed that the failure of Azotg- 
bacter to multiply in these soils is partly- due to 
competition with total bacteria for the supply of 
.available nutrients.. 

From the evidences obtained it is concluded 
that the algal growths in the rice-fields do not 
provide a suitable medium for the growth of 
Azofobacter, and further that this latter organism 
does not bring about any nitrogen -fixation when 
using the dead algal bodies as source of energy. 
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BACTERIAL LEAF-SPOT OF PIPER BETLE 

By R. r. Asthan-a, M. Sc.,D.I.C., Pir.D. (Lond.), Mycologist to Government, Central Provinces 
and Berar and K. A. MAaMUD, B.Sc., Assistant to Mycologist 
(Received for publication on 5 May 1944) 

(With Plate VII) 


Bactebial leaf-spot disease of pan {Piper betle) 
has been known to exist in the Central Provinces 
and Berar for more than a century. This disease, 
called hinrog by local pan groovers, attracted little 
attention till 1933 when a survey was undertaken 
to determine its intensity at different growing 
centres.* The disease has been reported from Ram- 
tekjPauni, Sohagpur.Mandla, Timarni, Anjangaon, 
Saugor, Damoh, Bhandara, Drug and several 
other places in the province. It.has been observed 
that all the varieties of pan that txTe cultivated 
in this province, Yiz, hapvri, bangla, Tcaiher and 
gangeri are susceptible to it to varying degrees of 
intensity and the annual loss caused by it is con- 
siderable. 

Hutchins^^^ described a bacterial disease 

on stem of betel vine in Bengal and in 1925 he 
reported that the bacterium isolated from the 
diseased material failed to give conclusive results, 
though, later in the year, one or two individuals 
showed symptoms of the disease. Raghunathan 
[1.926] was” the first to report the bacterial 
leaf-spot of betel, v/hich w^as recorded in Ceylon 
in 1896, He mentions that from 1921 onw^ards 
the disease did considerable damage to cultivations 


in several localities in the low country and w^as 
most prevalent during the monsoon. The cause 
of the disease w^as attributed to a bacterium which 
he named as Bacterrum betle. The symptoms of 
the disease have been mentioned. As control 
measures, destruction of all diseased material 
six months of rotation with vegetables and general 
sanitation have been recommended. Later 
Raghunathan [1928] published a fuller account of 
his investigations. He gave a technical descrip- 
tion of the organism, whose group number accord- 
ing to the chart of the Sooiet}^ of American Bac- 
teriologists, was 2,11,00,00,514. Nirula [1931] des- 
cribed a bacterial disease of betel leaves during 
storage. Symptoms, methods of infection and 
the characters of the pathogen show that the dis- 
ease as described by him is quite different from 
the one which is being described here. Park 
[1934] has redescribed the symptoms, the methods 
of transmission and of control of the leaf spot 
caused in Ceylon by Bactervurn betle. 

The earliest symptom of the disease is the pre- 
sence of minute transluscent specks in-betw^een 
the veins on the underside of the leaves. With in 
two to three days these transluscent specks 


Tim INDIAN JOTTENAL OF AGRICULTITRAL SCIENCE 


are ^^isible on tlie upper surface as circular or angu- 
lar brown to dark-brown spots, surrounded by 
yello"W coloured zones .(Plate 'VII,. .fig. 1)* .On .the 
underside of the leaves the area.s corresponding 
to the yellow zones are somewhat water-soaked 
in appearance. When atmospheric conditions 
are dry the spots are localized and minute, mea- 
suring 1 to 5 mm, in diameter ; but with the advent 
of humid and wet weather, they get considerably 
enlarged.' and measure , up to .1 cm, across. In 
old and large spots the central portion often 
cracks or falls off (Plate Vll, fig. 2). The number 
of spots on a leaf varies according to the prevailing 
weather conditions. When the atmosphere is 
humid the spots often coalesce, causing larger 
patches of dead areas on the leaf blade. Such 
leaves gradually loose their lustre, become flaccid 
turn pale and finally fall oft . A gummy substance 
full of bacteria oozes out during wet weather and 
gets deposited on the underside of an infected 
loaf. The disease has never been observed to 
oceiir on stems, perioles, or roots. 

In a pan garden the disease is mostly evident 
on leaves which are near or touching the soil 
surface. During dry weather the infection is 
coifined to a height of 1 ft. of the vincb but during 
wet seasons it extends to a height of 3 ft. due tc 
the splashes of rain water. Mites have been 
observed to carry the infection from leaf to leaf. 
Whenever these insects appear in virulent form the 
disease spreads even up to a height of 5 ft. of the 
vines. Pain water and insects are the chief 
carriers. The disease has been observed to he 
more prevalent in gardens with heavy soils than 
in gardens with light soils. Pan vines cultivated 
in low-lying and waterlogged areas are the great- 
est sufferers. 

At Mandla the incidence of the disease on 
variety of pan was recorded monthly from three 
well-drained high-lying and three low-lying water- 
logged gardens for a period of 12 months. The 
data show that the incidence of the disease was 
more than double, specially from July to Decem- 
ber, in low-lying waterlogged gardens than in 
high-lying well-drained ones. The average per- 
centage of infection for 12 months was 12 ‘ 8 in the 
former and 5*9 in the latter. In both the cases 
the disease was more pronounced during wet 
weather and scarce during dry months with scanty 
or little rainfall. 

Experiments very much similar to that of Mandla 
were carried out at Ramtek for three years, 1941- 
43. Here the incidence of the disease was re- 
corded on two varieties of betel leaves, viz. hangla 
and hapiiri, the latter proving more susc6j)tible 
to the disease than the former. Temperature and 
humidity played important roles on the incidence 
of the disease. High atmospheric temperature 


with little or scanty rainfall definitely retarded 
the incidence of the disease while, during wet 
months of July, August and September, the infec- 
tion was very high on both the varieties. 

Pure cultures of the pathogenic bacteria were 
isolated. On glucose agar medium honey-yellow 
coloured colonies appeared within three days of 
inooxilations. The individual organisms are cylin- 
drical in shape with the ends slightly rounded and 
measure 1 • 5-2 • 5 x 0 * 5p . They are either solita;ry 
or in chains of three to four cells, light honey- 
yellcw in colour, non-motile and without spores 
or capsules. Pathogenic and cultural characters 
of the organism indicate that it is the same bacte- 
rium {Bacterium betle) as described by Raghuna- 
than [1926], causing leaf-spot in Ceylon. 

Healthy roots, stems, petioles and leaves of betel 
vines were artificially inoculated with pore cultures 
of the organism. The disease could be readil}^ 
transferred to leaves when kept under moist condi- 
tion. According to the age of the leaves the symp- 
toms appeared within one to four days. Old and 
mature leaves took up the inoculation much 
earlier than young and immature ones. Infection 
was more pronounced on the lower side of the 
leaves than on the upper side which indicated 
that the organism made its entry to the host 
tissue through stomata which are abundant on the 
lower sidet;. Unless and until the upper sides of 
the leaves were injured they did not get infected. 
The infection on the lower surface appeared within 
3 days ; spots were numerous and close together. 
Invariably in every case inoculations with cpltures 
older than two weeks proved unsuccessful. It was 
also observed that if the inoculum was placed at 
the cut end of a stem, the infection advanced at the 
most to 1 cm. where the tissues turned dark 
brown and the cells collapsed. In no case was 
the infection observed to advance to any appreci- 
able length in the cuttings. Healthy roots, stems 
and petioles when wounded and inoculated gave 
negative results. 

Several experiments were conducted to work out 
suitable measures of control for the disease. At 
Timarni spraying trials with Bordeaux mixture 
(2:2:50), Bouisol (3*5 lb. in 100 gallons of water) 
and Sulsol (5 lb. in 100 gallons of water) were 
conducted to find their effects on the inoidence 
of the disease. One gallon of each of the fungicide 
was sprayed on 75 ft. leSigth of the rows. Pour 
varieties, viz. hawgfZa, Jeapuri, hakJier sjid gangeri, 
were under trial with the above three fungicides. 
Only one spraying could be given during August 
hut the results when observed after two months 
showed that there was 10 per cent disease in 
unsprayed vines, eight per cent in Sulsol, four per 
cent in Bouisol and only one per cent in Bordeaux 
mixture sprayed vines. Kapuri was the most 
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Table I 


Effect of fungicides on the incidence of leaf-spot disease on latgS iMv'es (Bade pan) 





March 

Air temp. — 80*5 

Eamfali— 0-52 

AprO 

Air temp. — 87* 0 

Eainfall— “0* 69 

May 

Air temp. — 94 *S 

Eainfar-— 0*64 

June 

Artemp.^ — 84*6 

EainfaH— 13*12 

July 

Air tern p. — 81 *0 

EainfaL— 14*45 

August 

Air temp. — 79*6 

Eainfali— 13*62 

September, 

, .Air temp.— 80*1 

■ Eamfaii— 7 * 50 

October"' 

Aixtemp.' — 78*6 

Eainfall— 7*03 

Grand total for the year* 

Plot 

No, 

Treatment of soil 

Treatment of vines 

Total 

number 

QP 

picked 

leaves 

Number 

of 

infected 

leaves 

Ter 

cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 
. of 
infected 
leaves 

Ter 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Ter 
cent of 
nfec- 
tion 

Total 
number 
of picked 
leaves 

Number 

of 

infected 

leaves 

Per- 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Ter 
cent of 
Infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Ter 
cent of 
infec- 
tion 

Total 
^ number 
of 

picked 

leaves 

Number 

of 

nfected 

leaves 

Per- 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

Infected 

leaves 

Per- 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

icaves. 

Per 

cent of 
Infec- 
tion 

1 

No treatment 

No treatment 

9,490 

989 

10-4 

13,436 

497 

3*4 

15,567 

318 

2*0 

14,322 

2,986 

20-8 , 

36,185 * 

12,635 

34*9 

38,387 

14,171 

36*9 

30,652 

5.814 

18*0 

16,848 

1,989 

U-8 

1,72,887 

39,399 

22*76 

2 

Bordeaux mixtine (2:2; 60), . 

1 ga-lon for 6 ft* 

No treatment 

12,593 

898 

7*1 

11,017 

128 

3*1 

16,223 

176 

1*0 

15.394 

1,543 

10*0 

51,001 

12,750 

24*9 

60,911 

12,789 

20*9 

59,713 

8,758 

14*6 

55.413 

2,571 

4*6 

2,82,265 

39,612 

14:0 

3 

Ditto. 

Bordeaux Mixture (2:2: 50), 

1 gallon for 76 ft. 

11,989 

277 

2*3 

10,240 

32 

'i 

0*3 

15,580 

37 

0*2 

16,452 

212 

1*2 

47,927 

2,422 

5*0 

61,325 

1,226 

1*8 

69,918 

1,989 

3*3 

57,769 

31 

0*5 

2,81,200 

6,507 

2-3 

4 

Ditto. 

Bomsol (5 lb. ’n 100 gaJons), 

1 gallon for 75 ft. 

9,633 

165 

1*7 

12,133 

1 27 

0*2 

14,972 

i ■ 42 

i 

0*2 

15,913 

249 

1*5 

48.932 

3,398 1 

; i 

6*0 

59,221 

1,812 

3*0 1 

1 

61,271 

2,448 

3*9 

54,363 

401 

0*7 

2,76,43S 

8,542 

3-0 

5 

Ditto. 

Snlsol (5 lb. in 100 gallons), 

1 gallon for 76 ft. 

11,807 

948 

! 

S'O 

10,712 

113 

1 

1*0 

15,719 

! 

33 

0*2 

14,957 

1,072 

7*1 

48,761 

11,902 ; 

i 

24*4 

61,017 

10,980 

17*9 

59,676 

8,040 

13*5 

56,591 

2,286 

4*0 

2,79,240 

35,374 

12*6 


*For the first four months of the plantation no pickmg is carr f clout 


Table II 


Effect of fungicides on the incidence of leaf -spot disease on small leaves (Khilli) 





March 

Air temp.— 80 • 6 

Eainfall— 0*52 

April 

Air temp. — 87*0 

Eainfall— 0* 59 

May 

Air temp. — 94*8 

Eainfall— 0*64 

i _ 

June 

Air temp. — 84*6 

Eamfall— 13*12 

July 

Air temp. — 81*0 

Eainfall — 14*46 

August 

Air temp. — 79*6 

Eainfall— 13*52 

September 

xlir temp.— 80*1 

EainfaU— 7*56 

October 

Air temp. — 78* 6 

Eainfall— 7* 03 

Grand total for the year* 

Plot 

No. 

Treatment of soO 

Treatment of vines 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Per 

cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Per 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Per 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Per 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Per 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Per 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 
0 f 
infected 
leaves 

Per 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Per 
cent of 
infec- 
tion 

Total 

number 

of 

picked 

leaves 

Number 

of 

infected 

leaves 

Per 
cent oi 
infec- 
tion 

1 

No treatment 

No treatment . . . i 

5,978 

708 

11*8 

5,337 

169 

2*9 

7,908 

117 

2*7 

6,759 

1,072 

15*8 

20,343 

5,987 

29*4 

19,184 

6,494 

33*6 

17,106 

2,007 

11-7 

9,231 

744 

8*0 

91,846 

17,288 

18*8 

2 

Bordeaux mixtiure ( 2 ; 2 : 50 ), 

1 gallon for 6 ft. | 

No treatment 

4,383 

SOI 

6*8 

6,095 

25 

0*4 

8,002 

160 

1*9 

7,624 

988 

11*6 

25,912 

4,032 

15*5 

33,712 

6,840 

17*3 

35,119 

5,021 

14*2 

25,713 

780 

3*0 

1,45,560 

17,147 

11*7 

3 

Ditto. 

Bordeaux mixture (2:2* 60), 

1 gallon for 75 ft. 

6,079 

76 

1*4 

5,170 

12 

0*2 

7,235 

36 

0*4 

6,902 

132 

1*9 

23,221 

598 

2*5 

33,315 

432 

1*2 

31,712 

1,200 

3*7 

28,919 

89 

0*3 

1,41,553 

2,575 

1*7 

4 

Ditto. 

Bouisol <5 lb. in 100 galloms), 

1 gallon for 75 ft, 

4,547 

79 

1*7 

6,706 

17 

0*2 

8,101 

40 

0*4 

7,121 

179 

2*5 

26,715 

487 

; 1*8 

32,122 

1,105 

3*4 

35,923 

2,163 

6*0 

29,911 

307 

1*0 

1,51,146 

4,377 

2*8 

5 

Ditto. 

Snlsol (5 lb. in 100 gallons), 

1 gallon for 75 ft. 

6,042 

480 

7*9 

5,603 

67 

1*1 

7,743 

39 

0*5 

7,619 

1 

836 

10*9 

! 26,219 

1 

1 . 

5,132 

19*13 

i 

34,017 

6,821 

20*0 

82,211 

3,342 

10*3 

27,733 

1,280 

4*6 

1,47,187 

17,997 

12*2 


*** For the first four months of the plantation no picking is carried out 
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BACTERIAL LEAF-SPOT OF PIPBR BPTLE 


susceptible variety/ Tliougb Bordeaux mixture 
proved best of all the tried fungicides yet the pan 
growers preferred Bouisol as it does not leave any 
trace of the chemical on the leaves whereas in the 
former they become unsightly and can only 
be marketed after thorough washing and cleaning 
with water which involved extra labour and time. 

The above experiment was later repeated at 
Eamtek with only one variety of pan, viz. hapuri. 
An area of | acre was taken for this trial which 
had 50 rows of betel-vines. This area was 
divided into five equal plots, each with 10 rows, 
and each row being 160 ft. in length. With the 
exception of plot No. 1, the rest were irrigated with 
2:2:50 strength Bordeaux mixture before planting 
the cuttings. Vines in plots No. 1 and 2 were not 
given any spraying while 3, 4 and 5 were sprayed 
with Bordeaux mixture (2:2:50), Bouisol (2-5:50) 
and Sulsol (2-5:50) respectively at the rate of one 
gallon for 75 linear lengths of the vines. Irriga- 
tion of the soil with Bordeaux mixture (2:2:50) 
was carried out in November, a week prior to 
planting, while the spraying was done after three 
months of it. Subsequently both the treatments 
were carried out once every two months. The 
leaves were picked every month and graded into 
bade pan (large) and hhilli (small) leaves. The 
results are given in Tables I and II. 

In these experiments also the best results were 
obtained where the soil and the vines were treated 
with Bordeaux mixture (2:2:50), closely followed 
by Bouisol (2*5:50). Spraying the vines with 
Sulsol did Tiot give satisfactory results. Where 
the soil was treated with Bordeaux mixture and no 
spraying was given (Plot 2), the incidence of the 
disease was slightly less than the untreated plot 
(No. 1) as the infection from soil was minimized. 
However, this soil treatment alone of plot No. 2 
was not at all effective in checking the progress 
of the disease. It will be further noticed that here 
again the disease was at its highest during the 
months of July and August, a period of high 
humidity and low temperature. 

Repeated trials have shown that this disease 
can be successfully controlled if the following 
measures are adopted by pan growers : 

1. The vines when taken off the stake and 
lowered should be so retied that the lower most 
leaves are at least one foot above the soil surface. 

2. The diseased leaves should be systematically 
and regularly picked and destroyed by burning. 

3. The irrigation channels should be so con- 

structed that' no waterlogged areas are created 
in the garden. ' 

4. In case mites appear in a garden, the infected 
and neighbouring vines should be sprayed with 
a solution of fish-oil rosin soap (4 oz.) and nico- 
tine sulphate (1 oz.) or tobacco decoction, in 6 gal- 


lons of water. Dusting, the vines’, with finely pow- 
dered sulphur (200 mesh) will also remove the 

mite trouble. 

5. One week before planting the cuttings the 
soil should be irrigated with 4:4:50 strength*^ 
Bordeaux mixture and subsequently it should be 
treated every two months at the rate of 1 gallon 
for 12 linear ft. 

6. The vines should be sprayed with 2:2:50 
strength Bordeaux mixture every two months, 

1 gallon for 75 ft. length of the vines. 

This treatment w3i also effectively control 
anthracnose {Colletotrichtim sp. and Gheospm'nim 
sp.) and leaf-rot (Phytophthora parasitica Dast. 
var. pip&rina Dast.) diseases. 

The cost of six sprayings per annum per acre 
will amount to Rs. 13, Rs. 82 and Rs, 82 for , 
Bordeaux mixture, Bouisol and Sulsol, respect- 
ively at pre-war rates. The savings over untreat- 
ed gardens per acre per annum was Rs. 506 
for Bordeaux mixture, Rs. 411 for Bouisol and 
Es. 162 for Sulsol. These results definitely 
show that the pan growers will be amply rewarded 
if they take up the recommended treatments. 

By spraying the leaves with Bordeaux mixture 
unsightly stains are left over to which the pan 
growers strongly object. This defect can easily 
be removed if the sprayed leaves are first dipped 
in a 2 per cent solution of ammonium chloride 
for an hour and then washed with water. The 
extra cost involved in this way will hardly come to 
Rs. 100 per annum per acre, which will be well 
within the profit scope of the growers. 

It was apprehended that the Bordeaux mixture 
sprayed leaves, when consumed, might prove 
harmful. The Agricultural Chemist to Govern- 
ment, Central Provinces au.d Berar, was therefore 
requested to conduct the necessary analysis and 
samples were sent over to him. On the results 
of the analysis he remarks, the maximum 
amount of copper present in unwashed selected 
sprayed leaves was 2*45 grains per lb. whereas 
when the same were washed, the quantity present 
was 1 *11 grains per lb. and the average sample 
of unwashed leaves from the sprayed vines con- 
tained 0 -82 grain per lb. Taking an average that 
200 leaves weighed one lb. and assuming that the 
maximum consump|iion per day per person is 20 
betel leaves then the maximum amount of copper 
taken per day per person, if the leaves are un- 
washed and if all of them show the spots of dried 
Bordeaux mixture, would come to 0*24 grain 
whereas if the leaves are washed— -as is the usual 
practice — ^the quantity of copper taken per person 
per day will come to only 0 -I grain, both of which 


♦Instead of 2:2:50 strength 4:4:50 Bordeaux mixture 
is recommended as it has been found that this strength will 
control the bacterial leaf-spot and as well as foot-rot 
disease 
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are lower than the that can he taken 

without causing any injury h On this report 
and as well as by eTery day observation Bordeaux 
mixture can be safely recommended for spraying 
the vines as the leaves are always consumed after 
washing. 

SOMMABY 

The annual loss to pan growers due to bacterial 
leaTspot disease in the Central Provinces and Berar 
is considerable. 


the vines with 2:2:50 strength Bordeaux mixture 
every two months successfully controlled the di- 
sease and the cost of treatment will amply reward 
the growlers financially. 
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Symptoms of the disease are described. The 
disease is more prevalent during wet w^eather,in 
heavy soils and in low-lying waterlogged gardens. 

Kapuri variety of pan is more susceptible to the 
disease than bangla, IcaMer or gangeri varieties. 

The pathogenie organism is similar to Bacterium 
Beifo Eaghunathan in its cultural and pathogenic 
behaviour. 

Neither by artificial inoculations nor under 
natural conditions has the bacterium been observ- 
ed to cause infection to roots, stems or petioles. 

The bacterium enters the leaves either through 
stomata or injured surface. 

Irrigating the gardens with 4:4:50 Bordeaux 
mixture one week prior to planting and spraying 
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STUDIES ON THE VIRUS DISExASES OF POTATOES IN INDIA 

I. OCCUEEENCE OF SOLANUM VIRUS I 

By R. Sahai Vasudeva, Ph.D. (Lond,), D.I.C. (Lond.), Assistant Plant Pathologist and T,B. Lal, 
B.Sc. (Agbic.), Assoc. I.A.R.I., Assistant, Section of Mycology and Plant Pathology, 

Imperial Agricultural Research Institute, New Delhi 

(Received for publication on 12 February 1944) 

(With Plates VIII and IX) 

Dtoing analytical work of viruses of potatoes the first instance and later appeared on the upper 
growing in the field and in the insect proof house surface of the leaves. The plant was stunted 
at the Imperial Agricultural Research Institute, and its growth in general was poor. The majority 
New Delhi, exhibiting various^ypes of symptoms, of plants of this variety dn this particular field 
e.g, different types of mosaic and necroses, a showed mild veinal necroses leading to a cropetal 
number of cultures of Solanum virus 1. Orton necrosis. The plant under reference differed from 
[Smith, 1937] were recovered from plants of several the others in the fact that it showed intense 
potato varieties. A culture of the same virus was veinal necroses without its subsequent develop- 
also obtained from a plant of Majestic variety, the ment into aeropetal necrosis. The seed tubers 
leaves of which showed negligible mottle accom- of Majestic variety had been obtained from 
panied with severe veinal necroses. The necroses Divisional Superintendent of Agriculture, Bhowali, 
seemed to have appeared on the undersurface in United Provinces. 



Some cultures appeared to.be more virulent than 
oth( rs, as dotemiined by the, intensity of symptoms 
produced on the differential liostse . The culture 
from the'plant ot Majmtic variety' appeared to.be 
of moderate virulence . and experiments were 
conducted to study its properties. These are 
reported in this paper. ' , „ 

Mateeial akd method 

Preliminary analyses were carried out by trans- 
ferring the extracts of infected potato plants to 
sets of differentials such as Datura stramonium L., 
Nieotiana tahacum L. var. Whiit Burleij, 
Nicotiana glutinosa L., Nieotiana tahacum L. 
var. German Samsun^ Nicotiana rustica L,, Nico^ 
iiana sylvestria Spegaz and Comes, Solamim 
nodiflmum Jebck., Capsicum annuum L., Petunia 
hyhrida Vilm., Lycopersicum esculentum Mill, 
var. Sutton's Early Market The reactions on 
these hosts gave an indication with regard to the 
presence or otherwise of virus. During this 
analysis the potato plant of Majestic variety 
proved to have been infected by a mixture of 
viruses, Solanum virus I was separated by 
passage through Datura stramonium which was 
found to be resistant to the other virus consti- 
tuent. The second constituent was transmitted 
by juice inoculations to Petunia hyhrida on wdxich 
it showed vein clearing in early stages and later 
exhibited greening along the veins. On Solanum 
nodiflorum it developed veinal mosaic, showing 
that the constituent was Solanum Virus 2. 
Orton. 

The culture of the virus thus isolated and puri- 
fied was maintained on young tobacco plants of 
variety White Btifley raised in sterile soil under 
insect proof conditions. Later on, transfers were 
made to a batch of young j)lants periodically in 
order to provide an inoculum from a stock of 
freshly infected plants throughout the course of 
the investigation. All plants were grown in 3 in.- 
4 in. clay pots. Standard extract for inocidation 
purposes was prepared by crushing to fine pulp 
in pestle and mortar a definite quantity of ^muiig 
infected leaves which had previously been washed 
several times in distilled water and dried in folds 
of filter paper, adding a small quantity^ of steri- 
lized distilled water from time to time. To 
every gram of leafy material, 1 c.c. of water was 
added. This was then pressed through muslin 
by hand. The extract thus obtained was either 
used as such or filtered through filter paper as 
considered necessary for each experiment. 

Inoculations were usually carried out on^oung 
tobacco plants of variety White Burley by smearing 
the leaf with a piece of sterilized absorbent cotton 
wool dipped in tbe standard extract of the culture 
to which a little carborundum powder had pre- 


viously been' added. Occasionally plants of Nk.o- 
tiana tahacum were also used as indicators but 
for any one ■ experiment the same variety of plants 
was ■ used. " This method usually gave 100 ' per 
cent infections. Checks were similarly treated 
except that extract from healthy plants -was used 
as inoculum. Every care was taken to main- 
tain aseptic conditions and all the apparatus used 
was sterilized in accordance with the needs^ of each 
experiment. Hands, were thoroUj^hly washed with 
lysoi water and soap between 'each experiment.'^ 

The plants, as a rule, were inoculated when they 
developed the first 2-4 knaves and for any one 
experiment plants of the same age were employed 
so that the results could be strictly comparable. 
Tlie inoculated plants we-re always kept under 
observation for at least 15 days. 

The virus which has been described is defined by 
its reactions on the solanaceous plants. The 
reactioms described are those observed during 
the months of December-March at Delhi in the 
presence of sufficient light and humidity. 

Reactions on dieeeeential hosts 

Nicotiana tahacum var. White Burley. Infec- 
tion of this host is rapid and the symptoms often 
begin to appear two days after inoculation. The 
inoculated leaves fii'st show faint mottle and later 
develop circular chlorotic spots which gradually 
become Very distinct. Some of these spots may 
join and form a large chlorotic area. The 
infection soon becomes systemic and the 
younger leaves show small prominent chlorotic 
spots which are circular and some of winch tend 
to be concentric. In youngest leaves the chlorotic 
spots sometimes develop necrotic centres. Later 
on all the old and young leaves show pronounced 
chlorotic ring spots. The symptoms in general 
are weE proiiouno d (Plato VIII, fig. 1). 

On variety German Samsun the first symptoms 
of infection are observed on the inoculated leaves 
about 5 to 6 days after inoculation. The leaves 
show either regular mottling of light with dark 
green or circular chlorotic spots. The symptoms 
are not marked. 

The symptoms produced on Nicotiana tahacum 
are almost the same as produced on var. White 
Burley. Circular chlorotic spots appear on leaves 
4-5 days after inoculation. On older leaves the 
spots are often well scattered over the whole 
surface and are in the form' of characteristic 
rings. Later on the symptoms ^ get more pro- 
nounced. (Plate VIII, fig. 2, ) 

Nicotiana glutinosa: Symptoms on inoculated 
leaves usually appear about six days after inocula- 
tion. Younger leaves show chlorotic spots 
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8'lmv>'si(le the veins or on the veins or both. These 
spots later become very distinct and quite often 
join to form large irregular chlorotic areas. _ Older , 
leaves also sometimes develop large circular 
chlorotic spots and some of ' these spots may 
develop necrotic centres. 

Nicotiana rvstica. Eegular circular chlcrotic 
spots begin to appear on inoculated leaves about 
3-4 days after inoculation. These are surrounded 
by lif^ht green margin and often take the shape oi 
C'Uicontric spots. The infection becomes sys- 
temic and in a few days typical concentric spots 
are observed on almost all the leaves (Plate 
Vlll.fig. 3). 

Nicotiana syhestris. The symptoms bfgm to 
show a bout six days after inoculation. The first 
obvious symptom is the occurrence of light chloro- 
tic spots on the inoculated leaves. Later when the 
infection becomes systemic the younger leaves 
also exhibit similar symptoms. The chlorotic 
spots are not concentric. 

Datura stramonium- In 4-5 days after inocnW 
tion the leaves fimt exhibit light mottling which 
develops into distinct circular chlorotic spots. 
These spots cover the entire surface of the leaf. 
About four days later vein-clearing is observed on 
the younger leaves. At the same time some of the 
middle leaves also show vein-clearing near the 
basal region which gradually spreads upwards and 
eventually . covers the entire surface. Sometimes 
chlorotic spots are also observed on the young 
leaves. Young leaves which show vein-clearing 
later develop severe chlorosis between_ the veins 
along which a deep green portion persists. Tms 
symptom is more pronounced at the basal portion 
of leaves. Older leaves continue to show faint 
chlorotic or pale spots. Some leaves even 
develop necrotic lesions (Plate IX, figs. 1-A and 
1-B). ^ - 

nodifloTUT/h. In about fiv6 days after 
inoculation Ught but distinct mottle appears on 
inoculated leaves. Circular chlorotic spots also 
develop near or along the veins. 

Gapsicum annwwm. First S 3 nnptoms of in^ 
fection in the form of light mottle appear on 
younger leaves about eight days after inoculation. 
Older leaves show circular pale spots. Later, 
the mottling may become more pronounced. 

Lycopersicum esculentum- Variety Buttons 
Early Market. Within 6-6 days after inoculation 
light green-dark green mottling appears on leav- 
es The mottle is usually interveinal. There is 
neither apparent reduction iii the Size of leaves 
nor any distortion. About four days later 
symptoms become more distinct (Plate IX; 
fig- 2). 


Efforts to transmit the disease to PetunM 
hvbrida Vilm. and Lagenaria mlgar is Ber., by 
inoculations with the standard extract were 
unsuccessful. Immunity of petunia, hybnda was 
further confirmed by back inoculation to tobacco. 

Reactions on differential hosts of other cultures 
of Solanum Virus I recovered from a large number 
of plants oiPhulwa variety showing varying degrees 
of mottle were also noted. In addition, reactions 
on differential hosts of several other cultures 
obtained from plants of Darjeeling Bed Bound, 
Gola and Windsor Castle varieties were studied. 
Typical symptoms observed are summarized in 
Table I. 

The data given in Table I show that on the basis 
of reactions on differential hosts the cultures 
fall into four distinct groups. The first one in which 
the symptoms produced are in general very 
This includes culture numbers 1, 2, 5, 6, 7, 8 and 9. 

The second group in which the symptoms pro- 
duced are definite and on some hosts well pro- 
nounced. This includes culture numbers 3 and 4. 

The third group in which the symptoms pro- 
duced are highly pronounced and in some cases 
may even show necrotic lesions. This includes 
culture numbers 10 and 11. 

The fourth group in which the symptoms exhi- 
bited on the differential hosts are extremely severe, 
i e. resulting in general necrosis and even collapse 
of leaves (Plate IX, fig. 3). This includes culture 
number 12. 

Pbopebtibs op the vibes 

Properties of the culture recovered from plant 
of Majestic Variety and which falls in the third 
group are described below ; 

(i) Thermal-death-point. Standard extract pre- 
pared from young infected tobacco plants was 
divided into six samples of 3 c.c. each in thin 
walled glass test tubes of uniform size and capacity . 
Samples of the standard extract in tubes were 
exposed to 60°, 60°, 70°, 76°, 80° and 90°C. for 
ten minutes in a water bath. Every care was 
taken that the portion of the tube eontauung the 
infected plant extract was completely unmersed 
in water. The samples of extract soon after 
exposure at different temperatures were dipped in 
cold tap water. Young tobacco plants were 
inoculated with the samples of standard extract 
thus exposed and with untreated extract which 
served as control. The experiment was 
repeated with the standard extract which had 
been previously filtered through filter paper. 
The results pf two typical experiments are given 
in Table 11, 
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lilJ 


fil«B 


Leaf of infected tobacco var. 
White Burley, showing cir- 
cular chlorotic spots 


Leaf of infected Nicotiana tahaci^m 
showing chlorotic as well as some 
ring spots 


Leaf of infected Nicotiana 
rustica showing typical 
concentric spots 








Leaf of infected Doiura 
stramonium showing early 
svmntoins of infection 


Fig. 3. 


A plant of Nicotiwna tahacum infected with 
Solanum Virus I (group 4 from potato variety 
Windsor Castle) showing general necrosis and 
collapse of leaves 


Fig. 2. Leaf of infected tomato plant var. 

Sutton’s Early Market showing inter- 
veinal mosaic 


PUiTB iX 


[ Indian J- agric. Sci., Vol. 14, Part IV 


Fig. 1-B. Leaf of infected Datura 
stramonium, showing intense 
chlorosisbetween the veins- 
A later stage of infection 
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develop necrosis 
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Table II 

Thermal inactivation of the virus 



Experiment I 

Experiment II 

Exposure— 

Number of plants 

Number of plants 

Temperture °C. 






Inoculated 

Infected 

Inoculated 

Infected 

Unheated control . 

2 

2 

3 

3 

50 . . . ; 

Z 

3 

— 

— 

60 . 

3 

3 

8 

8 

05 . 

. — 

— 

8 

2 

70 . 

3 

1 

8 

3 

75 . . . 

— 

— 

8 

1 0 

80 . . 

8 

0 

3 

1 - 

90 . 

3 

0 




— denotes not tested 

The results given above show that the activity 
of the virus appreciably falls when exposed to 


70®C. and that the virus Is completely inactivated 
at 75°C. or higher. In the plants inoculated 
with the extract exposed to 75°, 80®,. and 90®C., 
no symptoms of infection were observed even 

after three weeks. 

{ii) Dilution end foint. In order to determine 
the effect of dilution on infeetivity, leaves of 
young tobacco plants of variety White Burley 
were inoculated with unliltered freshly extracted 
pure juice from infected tobacco leaves as well 
as with Juice diluted with sterilized distilled 
water. Inoculations were also made with stand- 
ard extract. The experiment was repeated 
several times and both filtered through filter 
paper and unfiltered freshly extracted pure juice 
were tested. The results of one lot of experi- 
ments are given in Table III. 


Table III 

Effect of dilution on infeetivity 


Dilution 


Set I 

Number of plants 


Set II 

Number of plants 


Set III 

Number of plants 


Inoculated Infected ! Inoculated } Infected . Inoculated [ Infected 


Nil (pure extract) 

4 

4 

Standard extract . . 

3 

3 

1 ; 100 

3 

3 

1 : 500 . 

3 

3 

1 : 1000 

3 

3 

1 : 5000 . . . 

3 

3 

1 ; 10,000 . . . . 

3 

3 

1 : 12,000 . . . 

3 

3 

1 : 15,000 . . 

3 

3 

1 : 20,000 ... 


— 

1:30,000 . . 

— 

— 

1 : 40,000 . . . . i 

— 


1 i 80,000 . . 

— 

— 

1 : 100,000 . . 

— 



—denotes not tested 

The results recorded above indicate that the 
virus begins to lose its infeetivity at a dilution of 
1 : 40,000 and is inactivated at 1 : 100,000. In one 
of the experiments one of the test plants showed 
faint symptoms of infection even at a dilution of 
I : 100,000, showing that at times it may with- 
stand a dilution up to 1 : 100,000. In dilutions 
of 1 : 100 to 1 : 10,000 the symptom expression 
on the test plants was similar and almost of the 
same intensity as produced by pure and standard 
extracts. 

(Hi) Filterahility, Standard extract prepared 
from young infected tobacco leaves was filtered 
through filter paper, filter paper impregnated 
with diatom dust and Pasteur Chamberland filters 
of grades L3 and L5. - Prior to passing the standard 


extract through Chamberland filters it was passed 
through filter paper impregnated with diatom 
dust in order to remove as much as possible of 
the leafy material which tends to clog the filter. 
All the candles before use were always tested for 
bubbling pressure and the filtrations were carried 
out under reduced pressure of 1/5 atmospheric 
Infeetivity of the filtrates was tested on young 
White Burley tobacco plants in the inect proof 
house. The results of a typcai experiment are 
given in Table IV. 

The results show that the virus passes through 
all the filters tested and that its activity is not 
impaired during passage through the filters. 

(iv) Longevity in vitro* Ampoules were filled 
with L3 filterate of standard extract which had 
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Table IV 


[Xiv. 


Filterability of the virus 


■ Expt. 'i 

1 

Inoculum | 

Date of 
inoculation 

1 

No. of plants 
inoculated 

Date of 
infection 

No . of plants 
infected 

I ■' 

1. Unfilterod standard extract .... 

24-3-43 

2 

26-3-43 

2 


2. Ghamberlaiid candle L ^ filtrate 

i 24-3-43 

2 

26-3-43 

2 

H 

1. Unfiltered standard extract .... 

2. Filtered standard extract 

25-3-43 

3 

27-3-43 

3 


(a) Filter paper (Whatman No. 1) filtrate . 

25-3-43 

3 

27-3-43 

1 •• 3- ■ 


(5) Filter paper impregnated with diatom dust 
filtrate 

(c) Chamberland candle Lg filtrate . 

25-3-43 

3 

27-3-43 

3 


25-3-43 

4 

27-3-43 

4 


i 

{d) Chamberland candle Lg filtrate . 

25-3-43 

4 

27-3-43 

4 



been freshly prepared from infected tobacco 
leaves. All precautions were taken to fill the 
ampoules under aseptic conditions. The 
ampoules containing the filtered standard extract 
were stored in a cool cabinet where the temperature 
varied from 14° to 17°C. and young White Burley 
tobacco plants were inoculated with samples of 
stored filtrate at variou ^ intervals. The fresh 
filtrate was tested for its infectivity prior to storage. 

Results of such an experiment are given in 
Table V. 

The results recorded above show that the 
activity of the standard extract is not impaired 
even after being stored for 202 days but the 
activity falls considerably after storage for 234 
days. 

Table V 

Effect of storage of virus 


No. of plants 


Storage period 

Inoculated 

Infected 

Fresh extract .... 

2 

2 

17 days . . . 

3 

3 

34 days .... 

4 

3 

46 days .... 

, 3 

2 

81 days . . . . 

3 

3 

202 days . . . : . 

3 

3 

234 days 

6 

1 


In another experiment unfiltered standard 
extract from nfected tobacco plants was stored 
at room temperature (26 ‘6°-31T°C.) and it was 
observed that the extract stored for different 
periods up to 96 hours proved 100 per cent 
infectious. 


(v) Effect of drying. 5 c.c. cf unfiltered 
standard extract prepared from infected tobacco 
leaves was left to dry in a large watch glass at 
room temperature which varied from 26 6° to 
31 1°C. After 10 days when the extract had 
dried up, 6 c.c. of sterile distilled water was added 
to make up to the original volume. Three young 
White Burley tobacco plants were inoculated to 
test the infectivity of the material. Only one of 
the inoculated plants showed faint symptoms of 
infection. In another similar experiment filter 
paper filtrate of standard extract was tested and 
only three plants out of five showed signs of 
infection after five days. 

The results indicate that the infectivity of the 
standard extract is greatly impaired but not lost 
after being dried at room temperature. 

(vi ) Immunological relationship . Tobacco plants 
already* infected with a known weak strain of 
Solanum virus I were inoculated with the standard 
extract obtained from young infected tobacco 
plants. The second inoculum was introduced 15 
days after inoculation with the weak strain in 
order to give sufficient time for the dissemination 
of this strain throughout the plant. Also healthy 
plants were inoculated to serve as check. The 
plants already infected with a weak strain of 
Solanum virus I continued to exhibit the charac- 
teristic faint symptoms of the weak strain but 
the control plants developed typical pronounced 
symptoms of infection, showing that the weak 
strain had immunized the plants against infec- 
tion by the more virulent strain of the virus. 

{vii) Resistance to chemicals. Effect of absolute 
alcohol and ether on the standard extract pre- 
pared from young infected White Burley tobacco 
plants was determined by exposing 3 c.c. of the 
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extract in watch glasses of 2 '15 in. diameter to 
vapours of alcohol and ether in desiccators. The 
watch glasses containing the extract were removed 
at regular intervals and the^ in'‘ectivity of the 
treated extract tested on young tobacco ' plants. 
The results of such an. experiment are given, in 
Table VL 

The results show that .the virus is inactivated 
after 12 hoars’, and 32 hours’ exposure to vapours 
of, absolute alcohol and et,her respectively. 

The symptoms on differential hosts and the 
properties of the virus described show t,hat it is 
a strain of Solanum virus I which resembles, in 
certain respects, such as dilution end point, 
strain X.^ of" Salaman [1938]. The symptoms 
oil the differential hosts are not s ) pronounced as 
those described for 

Table VI 

Effmt of alcohol and ether on the activity of the 


Ala 

liol 

Ether 

Period of ex]) 0 .siire 

(llOlll’.S) 

j)lant3 

No. of plants 

Inocuiated 

Infected 

Inoculated 

Infected 

ITiitreated standard 3 

3 

3 

3 

extraet 

4 . . . 3 

2 

3 

'J 

' 8 . ' . . 3 

2 

' 3 


12 . . . 3 

0 

3 

1 

24 . . . 3 

« 

3 

1 ' AJ 

'""32 . . , . 3 ' , ■ ■ 

" i 

3 

'0 

1 


SuiEMABy' ' 

Properties , and reactions on diiereiitiai hosts 
of a comparativelv' virulent strain of Solahum^ 
virus T isolated fro,m Majestic variety of potatoes 

are described. 

The virus loses infectivity at a dilution of 1 
100,000 and exposure to 75°C., for 10 miii. is 
su.fficient to destroy the active pri,iiciple. The 
virus passes through Chambeiiand filters of grade 
Lj aiid L;, without any deleterious effect on its 
activity. Storage of the virus for 234 days, does 
not render it innocuous. 

Reactions on differential hosts of several other 
cultures of Solanum virus I have been studied 
and the cultures have been divided into four 
groups on this basis. 
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STUDIES ON THE JUTE STEM-WEEVIL APION GORCHOMIMAmRAU. 

- I. BIOXOMICS AND LIFE-HISTORY 

By G. M. Das, Jute Agricultural Research Laboratories, Dacca 
(Received for publication on 28 April 1941) 

(With Plate X and four text-figures) 


Apion corchori Marshall, a stem-borer of jute 
and commonly known jute damages the 

fibre and lowers its quality. Lefroy [1906 ; 1907 
and 1909] was the first to record a species of 
Apion breeding in the stem of jute. He regarded 
it as a minor pest, but visualized the possibility of 
its causing serious damage. At the Entom clerical 
meetings held at Pusa in 1917 and 1919, the 


four text-figures) 

consensus of opinion was that it is a minor 
pest but sporadically serious. In view of this it is 
not surprizing that the species was not named till 
in 1936. 

Since is minute in size and the damage 

caused by it is not conspicuous, the attention of 
cultivators has never been focussed on it. In 
the author’s opinion, it is a major pest of jute. 










Disteibution 

The pest is common in Assam, Bihar, Orissa and 
Bengal, It is wide spread in all the jnte-growing 
districts of BengaL In Madras, Fletcher [1014] 
reported it from Bellary and Oodayary, and 
Elrishna Ayyar [1040] from Coimbatore. 

NaTUEE OF DAMAOE 

The female weevil bores a hole with its rostrum 
on the stem near the apex of the plant. The egg is 
generally deposited in between the vascular 
bundles which are still distinct from one another. 
In this process the epidermis, cortex, starch 
sheath and phloem are pierced (Plate X, fig. 4). 
Very often the cambium itself is injured, and as a 
result, further development of fibres and wood 
near the place of injury is checked. 

The grub, on hatching, starts feeding on the 
surrounding tissues and generally tunnels into the 
pith damaging the fibre. In the pith it may travel 
up or down for considerable distance, filling the 
rear of the tunnel with frass. Where the tunnel- 
ling is extensive (Plate X, fig. 6) the shoot 
above withers and numerous side branches are 
produced. Such plants are undesirable as they 
yield short fibre. The injury done to seedlings is 
serious. If they are attacked below the cotyle- 
donary leaves, they die outright. The older 
plants survive the attack, but remain stunted 
when attacked repeatedly. Pods are also liable 
to damage as they are occasionally selected for 
oviposition. 

The place of injury can easily be recognized by 
the swollen appearance (caused by the abnormal 
growth of cortical cells, Plate X, fig. 5), and the 
dark discolouration of the stem or by the withered 
shoot and axillary bud. Where the epidermis is 
eaten up, even the excreta may sometimes be seen. 

A transverse section passing through the place 
of injury (Plate X, fig. 5) shows that the mucila- 
ginous substance which oozes out as a result of 
Apion damage firmly binds or cements the ad- 
jacent tissues together with the weevils excreta 
into a hard structure which greatly resists retting. 
Further, the plant in an attempt to localize injury 
develops wound cork all around the damaged tis- 
sues. This wound cork being suberized also resists 
retting with the result that at the place of damage 
the fibre and adjacent tissues are cemented to- 
gether forming a hnot (Plate X, figs, 3 and 7). 
Even after retting, the excreta of Ajpim grub, 
abnormal cortical cells, epidermis, periderm, fibre 
bundles and intervening phloem, ^cells are found 
to form a single compact mass, ^ 


Late in the season, ovipositon is generally res- 
tricted to the basal part of the stem and the 
whole bark is found riddled by the grubs, resulting 
in a hard compact mass with the bark sticking to 
the fibre. This damage has in the past been des- 
cribed either a-s specky or knotty, but the term 
knotty should be restricted to fibre having knots 
caused by Apim injury, while the term specky be 
used for fibre having fragments of bark adhering to 
it. A sort of knot may be formed at the nodes 
due to the leaf and branch traces [Patel, 1943], 
but the knot caused hj Ap ion injury can easily be 
distinguished by the presence of excreta. 

In trade, knots constitute an important defect 
in fibre quality. These form needles in the sliver 
and cause breaks in the yarn during spinning, 
winding and weaving. To the cultivators this 
defect is known as ^ gira ’ or ‘ chouk but most of 
them do not associate it with this tiny weevil. 

Lifb-histoby of vaeioxjs stages 

Pre-oviposition period. As the weevils are 
almost sexually mature at emergence, the pre- 
copulation and pre-oviposition periods are rather 
short. The copulation starts within a day or two 
after emergence, and is repeated several times a 
day throughout the season. In ten cultures bred 
in the laboratory in 1941, the pre-oviposition 
period varied from 5 to 9 days, the most common 
being 5 days. In 1942 the pre-oviposition period 
ranged from 3 to 8 days in fifteen such cultures 
(Table I). In rare instances, it, may extend up to 
22 days. 

Oviposition. The mode of selection of site for 
and the process of oviposition are almost similar to 
those in the cotton-stem weevil, Fempherulm 
affinis [Krishna Ayyar and Margabandhu, 1941]. 
The female weevil selects for oviposition a place 
on the stem near the base of petiole and not very 
far away from the top. Standing on the petiole, 
it bores a hole with -the rostrum, turns back and 
then deposits the egg in the hole. Only one egg is 
laid in each hole and the mouth of the hole is sealed 
with dark excreta. Occasionally more than one 
hole can be seen in the same neighbourhood 
but the egg is found only in one hole. Other 
holes presumably are not suitable for oviposition. 
Barely, eggs are laid in the petiole or in the pod. 
From the middle of July onwards, the eggs are 
mostly laid in the basal part of the stem. The 
tops are then rarely attacked. In low-lying 
areas, where the basal parts of the plants remain 
under flood water, the weevils have no alternative 
but to lay eggs in the upper region. 

Under laboratory conditions the oviposition 
period ranged from 6 to 124 days, the maximum 
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Oviposition record 


Bate of emergeac 

0 Date of first 

oviposition 

1 Humber of eggs laid 

Total Ho. of eggs 
laid 

If 

*CQ ^ 
§4^3 

g 

1 fit 

' 

; *5 

11 

m -w 

O 

= ft 

i 1 

1 

May 

June 



July 

August 

September 

October 

November 

o 

0 

A 

17-7-41 



23-7-41 




27 






27 

6 

! '■ 6 

4*5 

18-7-41 



Do. 



. . 

38 

183 

89 

, , 



310 

5 

! 61 

5*1 

Do. 



Do. 




67 

110 

. . 

. . 



177 

5 

1 33 

■ 5*4 

Do. 



Do. 




68 

58 

, , 


. . 


126 

5 

19 

6*6 

Do. 



Do. 




68 

158 

136 

38 



390 

5 

81 

4*8 

Do. 



27-7-41 




35 

187 

18 




. 240 

9 

40 

6*0 

16-8-41 



22-8-41 





61 

144 

107 

U 


326 

6 

76 

4*3 

21-8-41 



26-8-41 





11 

157 

101 

19 


288 

5 

75 

3*8 

24-8-41 



2-9-41 




. . 

, » 

119 

108 

50 

i7 
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9 

101 

2*7 

3-9-41 



10-9-41 




■ . . 

. . 

98 

109 

12 


219 

7 

61 : 

3*6 

6-5-42 



11-5-42 


ih 

191 

127 

. » 




. . 

439 

^ 5 

68 

6*5 

24-6-42 



28-6-42 


27 

178 

190 

. , 




1 

395 

4 

' 65 

1 6*1 

Do 



1-6-42 


* * 

212 

187 

116 

21 




536 

8 

98 

' 5*8 

26-5-42 



29-5-42 


10 

226 

201 

140 

41 

. . 



618 

3 

109 

5*7 

Do 



1-6-42 



196 

194 

113 

8 




511 

6 

94 

5*4 

26-5-42 



Do 



238 

186 

71 

. , 

. . 



495 

6 

74 

6*7 

28-5-42 



Do 



175 

183 

152 

149 

10 



675 

4 

124 

5*4 

21-6-42 



26-6-42 



28 

210 

170 

134 

36 



578 

5 

106 

5*5 

23-6-42 



Do 



29 

176 

127 

146 

34 



512 

3 

103 

5-0 

13-7-42 



16-7-42 




90 

126 

152 

10 


. • 

378 

3 

79 

■4*8 

14-7-42 



17-7-42 




69 

123 

127 

45 



364 

3 

69 

5-0 

16-8-42 



19-8-42 




, , 

76 

159 

109 



344 

3 

85 

4*1 

24-9-42 



30-9-42 





, , 

1 

117 

76 

*9 

203 

6 

69 

2*9 

Do 


. 

Do 





. . 

1 

109 

57 

4 

171 

6 

65 

2-6 

16-10-42 

• 

• 

20-10-42 



•• ) 




60 j 

69 

11 

140 

5 

51 

2*7 


number oieggs laid being 675 during 124 days. The 
highest number of eggs laid in a day was 13. The 
average egg laying varied from 2 • 6 to 0 * 7 per day. 

From Table I it is evident that the weevils that 
emerged in August laid on an average lesser number 
of eggs than those emerging in July. Irrespective 
of early or late emergence of the weevil, the egg 
laying potentiality appears to become reduced 
towards the end of the jute season, and by De- 
I cembex egg-laying practically ceases. The weevils 
I emerging late in season are rarely seen to oviposit 
I soon after. 

I Inr uhntion period. In the middle of jute season* 

ie. in June and July, the incubation within the 
stem occupies three days at room temperature of 
84®-86°F. In a partially dried up stem, it is 
prolonged to four days. In January when the 
i average mean temperature was 71-9‘^F., the eggs 
I hatched in five days. 

In nature the eggs are deposited in direct contact 
with the cell sap and are thus protected from 

! * 

f- . ■ ■ ■ ■ ^ ' , . ' ■ ■ 

' 

'I';'" ■ 


desiccation. Freshly laid eggs removed from the 
stem and left naked in tubes did not hatch either 
at room temperature or at a constant temperature 
of 32°C. When, however, the eggs were kept in 
an atmosphere fully saturated with moisture 
(with accumulation of fine particles of water in 
direct contact with eggs), they readily hatched at 
room temperature or at a constant temperature 
of 32°C. The eggs could easily be hatched in agar 
agar media.* Ahmad [1939] observed that the eggs 
of Lixus truncaiulus required for their development 
not only a saturated atmosphere, but perhaps 
direct contact with free water. 

Egg, The egg (Fig. 2) is small, oblong and 
broadly rounded at both ends. On an average it 
measures 0-43 mm. in length and 0*33 mm. in 
breadth. It is white with glistening surface. As 
it develops it swells up slightly. The brown 
mandibles of the embryo become visible after two 


*2 gm. of agar agar ia 100 c.c. of water or jute stem 
extract 
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Table II 




Larvai 'period § at room teniperalure (78“-90"'F.) 





Flos. 1—4. Ayiow corc^'on Marshall 

1. Adult female ( x 19 1 ; 2. Egg ( x 18) ; 

3. Full grown grub ( X 16) ; and 4. Pupa ( x IS) 
days. Before hatching the mandibles are seen to 
work slowly and the young grub comes out through 
a slit. 

Grub. A fieshly hatched grub is shghtly longer 
than the egg. The fufl-grown grub (Fig. 3) 
measures on an averagei 2-85 mm. in length 
and 0-98 mm. in breadth. The head capsule is 
small and light brown in colour. The mandibles 
are dark brown. The body is uniformly light yel- 
low, and well curved, the middle segments being 
slightly bigger. The terminal segment is broadly 
rounded at its posterior end. _ 

The mouth-parts of the ^ub are of usual biting 
and chewing type, and quite similar to those of 
Calandra granaria [Das, 1939]. The labrum is 
elliptical with a slight notch at its anterior margin. 
Each mandible is strongly sclerotized having a 
broad triangular base, a mesal surface which is 
produced into two incisor lobes, and a molar oi 
crushing surface near the base. Each maxilla 
consists" of an undivided cardo, a stipes and a 
two-segmented palpus. The lacinia is present 
but the galea is totally absent. The labium 
consists of a membranous postmentum, and a 
prementum bearing two small two-segmented 
palpi and a middle lobe. 

The grab stage is extremely variable and occupies 
8 to 18 days under laboratory conditions. Varia- 
tion in the larval period might be due to the state 
of the stem, whether fresh, partially or wholly dry. 
A similar observation has been made by Krishna 
Ayyar and Margabandhu [1941] in the cotton-stem 
weevil, Pempherulus affinis, in which a lengthened 
em®^S®Dce of weevils is brought about by uneven 


Number 

Date 

of 

batcliing 

Date 

of 

pupation 

Lai’val 

period 

(days) 

1 

8 June . 

20 June . 

12 

2 

17 June 

25 June 

8 

3 

20 June 

29 J une . 

9 

4 

23 June , 

6 July . 

13 

5 

25 June " . ^ 

9 July . 

14 

6 

29 June . 

11 July . 

12 

7 1 

3 July . 

14 July . 

11 . 

8 

5 July 

15 Juy . . 

10 

9 

6 July 

24 July 

'.IS' , , 

10 

8 July . 

23 July . 

15 


§ Only a cross-section of the entire data 

development of the mature grubs, owing to either 
insufficient nutrition or extreme dryness or 
dampness of the stem. 

P^ipa. When full-fed, the grub makes a rough 
chamber of excreta inside the stem and pupates 
within it. Before pupation the abdomen of the 
grub becomes straight and the prepupa looks longer 
than the grub. The pupa (Fig. 4) measures 
about 2-07 mm. in length and 1-08 mm. ah its 
maximum width. The body is pale yellow 

gradually turning light brown. The eyes are 
reddish brown in "the beginning but afterwards 
they turn black. The wing pads lie between the 
second and third pairs of legs, and extend besmnd 
the abdomen. The abdomen is slightly curved. 
The ro’strum lies ventrally. The legs are folded 
and the antennae run parallel to the tibiffi. 

The duration of the pupal period inside the stem 
at room temperature of 84"-85°F. is about four 
days but when the pupa is left naked, the pupal 
period is shghtly shortened. The adult weeffil 
mnerges through the passage previously made 
by the grub during feeding, or by making a fresh 

hole; , ; ■■■ . 

The whole life cycle from egg up to emergence of 

the adult is completed in 15 to 26 days. 

Adult It is a small tiny weevil (lig. 1), 
about 1*8 mm. in length and 0-8 mm. in breadth, 
with the curved snout very conspicucons. It is 
dark brown or dull black clothed "with sparse 
whitish set^ almost throughout the body. The 
female is slightly bigger than the male. The 
detailed description of the weevil has been given 
by Marshall [19361. 

Longevity. The life of the weevil is fairly long. 
The maximum age recorded under captivity was 
209 dar^s and the minimum 11 days. The 
average for 163 weevils was 81 days (Table illj. 
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Table III 
Longemfy of weevils 


NuiB.be.r of 
weevils 
observed 

Maximum 
. life 

(days) 

Average 
: life 

1 (day.s) 

i 

.f 

1 

1 Weevils emerged on 

iO 

121 

j 

05-9 

17-6-41 

10 

108. 

53-4 

28-6-41 

■ 12 

190 

106*3 

16-7-41 

.' '13 

209 

120*2 

16-7-41 

10 

162 

62*9 1 

19-9-41 

10 

119 

75*9 i 

4-11-41 

15 

119 

^ 97-4 ! 

15-11-41 

10 

^ 98 " ! 

■ 68-8 1 

1-6-42 

10 

112 1 

66*2 ' ! 

14-6-42 

10 . 

117 ' 

65*1 

15-7-42 

10 ■ 

121 

69-7 i 

21-9-42 

12 

153 

97-2 i 

24-9-42 

lO'" . , 

■ 116' ' 

102-9 : 

' 2-10-42 

.' i.r. . 

127 1 

'63-8 : 

1-11-42 

Old weevils collected 
on 

10 ^ 

,76 1 

45-2 ■ : 

2-5-41 

10 1 

75 ! 

45-5 ^ 

3-5-41 

10 

93 

71 • 1 

1-5-42 

20 ' 

123 

78-3 

■ 1-5-42 


Ntjmbeb of broods and seasonal history 

There is much overlapping of the rapidly suc- 
ceeding broods and the crop is heavily infested 
with all stages. The weevils emerge throughout 
the crop season without any break. The over- 
w^intering weevils breed for about tw^o months and 
a half. Excepting those emerging in November all 
weevils breed in the same season, but the breeding 
activity declines as the jute season advances. 

The weevils can be seen on the crop throughout 
the jute season, and tl|eir presence can be detected 
by small pin-holes made on tender leaves during 
feeding. They drop on the ground at slight dis- 
turbance and feign death. The w'eevils have been 
observed to attack self-sown plants as early as in 
January. In low lying areas where self-sowing 
does not occur, the w'eeyils have been seen on 
very young seedlings about 2 in. in height by the 
middie of March. 

As immediately after the harvest of jute the 
immature stages are found in the stubbles, it was 
thought that either the grubs or pupae might pass 
the winter in hibernation in the stubbles, or in soil 
around the stubbles- Examination of stubbles 
and surrounding soil carried out during the Avinter 
failed to reveal the presence of any immature 
stages of the pest. Under laboratory conditions 
at a temperature of71‘"-78°F. and mean relative 
humidity of 86 per (aait the grubs in the stubbles 
did not enter the soil for pupation, but pupated in 
the stubbies and emerged as wA^evils, during the 
later part of November ; neither the larval period 
nor the pupal period was prolonged. 


The adult wx*evils pass the wintc*r in conceal- 
ment in. bushes, shrubs and hedges. Sircfdns nsjjcr 
Lour, Glycosniis pejHapIiylfa Corr., var. nitida^ 
ZizipJms eonopUa Mill, Blvwea lacern DXJ., 
Pithecolohium flulce 'EovAh ^ 

Linn., Oossypium spp., iJurania plnmieriy and 
Guinea grass (Panicvni maxhnvw. Jacq.) are seen to 
afford s.helter to the wxa.nils during the off season, 
but the insect was never found to breed on them, 
0.n any of these plants, the wxevils did not feed in. 
the laboratory. When sn|>piied with water the 
weevils lived without food up to a maximum, of 35 
days. It m.a3" be that under natural cond.itions 
the\" can .live for a longer period without food and 
these conditions could not be reproduced in the 
iaboratorv. 

Alternate host. Intensive search has so far re- 
vealed only' one alternate host, viz. Trlvnifetta 
rlirmihoidea Jac\g iocall^' known ■ fmn ’Ohii , a 
fibrous weed belonging to tlie fainih^ Tiliacae, It 
is widely distributed tliroughout tropical and, 
sub-tropical regions of India and Ceylon, ascending 
up to 4,000 ft. in the Himalayas. 

The w eevils feed on the leaves of this plant and 
occasionally breed in the stem. In winter the 
grubs and pupse have been collected from the 
infested stems of hun-okra. In feeding experi- 
ments with jute and him- okra leaves, the weevils 
did not show aiw preference. During the season 
bun-okra plants growing near the jute fields are 
found less infesteff than jute. The stems oi bun- 
okra Site not so soft and succulent and may not 
be so suitable as those of jute for the development 
of the grubs. Krishna A}war [1940] reports 
Trhmifetia rliomhoideM as an alternate host of the 
cotton-stem weevil (Pempherulus affmis ^Fst.) 
which also oecasionally breeds in the stem ol jute 
(G. olitorhis). 

Varietal susceptibility 
■ Five species of Corchofus have, be.en under ob- 
servation for three seasons. G. acutangulus in 
spite of the presence of long hairs on the leaf, 
petiole and stem is highly susceptible to Apion 
attack. G. tnlocularis and G, fascimlaris are less 
susceptible than G. acutangulus. All the above 
three are wild species of jute. 

Among the two cultivated species, G. olitorius 
is less susceptible than G, capsnlaris. The fol- 
lowing records taken from botanical trials con- 
ducted in the same field show that capsularis 
varieties are in general more susceptible than oli- 
torius ones, though in certain years the difference 
between the two species nuyv become negligible, 
Witlia view to assessing varietal resistance a 
trial of 49 t.vpes was carried out in the years 1939, 
1940 and i942. The variation in susceptibility 
to Apion attack wtis found to be limited hi the 
case of olitorhis varieties, whereas the capsularis 
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Table lY 

Infested plants per cent 



1939 

1940 

1942 

Olitofim varieties 
B.26 . 

13-8 

66*3 

93*3 

C.O. * 

! 17-2 

59-3 

98*7 

Dacca local , . . 

23-1 

61*0 

99‘0 

Critical difference . 

■ 7*2 

Insignificant 

3*4 

Capmlaris varieties ^ 
D. 154 . . : 

57.4 

82*1 

98*7 

'Fandnk ' 

59*7 

78*2 

95*7 

D. SS6 . 

i 65*2 

78*7 

98.0 

Critical difference . 

Insignificant 

Insignificant 

2*2 


Number of punctures 
per plant 

Frequency of infested plants 
(mean per cent) 

Olitorius 

varieties 

0. G., R. 26 
and Local 

Capsularis 
varieties 
D.154,D. 386 
and Fanduk 

• ' 0 ' • 

38*58 

16*63 

■I'.'' 

25*09 

16-29 

2 , ■" , 

19*22 

17*19 

3 

10*74 

19-80 

4 

4*37 

14*82 

5^ ' 

1*37 

7*92 

6 

0* 25 

3-72 

7 

0*12 

2*04 

8 

0*12 . 

0*68 

9 

« 0*00 

0*57 

10 

0*00 

0*23 

11 ^ 

0*00 

0*00 

12 

0*00 

0*00 

13 

0*00 

0*00 

14 

0*00 

0*11 

16 

0*00 

oai 


Thirteen commercial samples obtained from the 
jOirector^ Technological Research Laboratories^ 
Calcutta, were examined for Apio7i damage. In 
each sample ‘ reeds ’ of 100 plants were examined. 
The percentage of damaged ' reeds ’ varied from 
9 to 91 and the intensity of attack from !• 00 
to 4-14 per attacked ' reed The amount of 
damage may best be expressed as an average 
number of punctures per- plant, irrespective 

of the plant being healthy or attacked. 

• Table VI 

Damage in commercial fibre 


varieties exhibited rather a wider range. The 
resistance of oUtorius may possibly be due to its 
higher tannin content, which is about three times 
more than in capsularis stems. In feeding ex- 
periments the weevils preferred capsularis leaves 
(which are found to contain less tannin) to oUtorim 
ones. 

Extent and intensity of infestation 

Assessment of damage. In gauging the damage? 
the percentage of infested plants as well as the 
number of punctures in such plants are im- 
portant. From Tahie V it is evident that about 
50 per cent of capsularis plants were attacked 
three times or more, whereas in olitorius only 17 
per cent of the plants had three or more punc- 
tures. In general, the greater the number of 
plants infested, the higher was the intensity of 
attack. As many as 33 punctures were recorded 
on a capsularis plant in a pot culture, Lefroy 
[1907] records that in some cases one grub is 
found to almost every leaf. 

Ta BLE V 

Extent and itensity o/ Apion infestation 


Sample 

No. of 

T. R. L. 

Attacked 
‘ reeds ’ per 
cent (extent) 

Average No. 
of knots in 
attacked 
‘reeds’ 
(intensity) 

Amount of 
damage 
(extent 

X inten- 
sity) 100 

J. 93 . 

9 

1*11 

: 0*10 

J. 87 . 

11 

1*18 

0*13 

J. 97 . 

13 

1*00 

O* 13 

J. 91 . 

14 

1*50 

0*21 

J. 86 . 

36 

1*77 

0*64 

J. 92 . 

41 

1*09 

0*78 

J. 94 . . ' 

60 

i 1*64 

0*84 

J. 90 . 

54 

1*48 

0*80 

J. 89 . 

60 

1*51 

',.0*91' ■■ 

J. 95 . 

64 

1*73 

i 1*09 

I. 96 . 

65 

1*94 

1*26 

J. 85 . 

67 

'2*04 . 

1*37 

L 88 . 

91 

4*14,'' 

; ' 3*77' 


With a view to note the amount of damage at 
different places, fibres obtained* from quality trials 
were examined. From the results furnished in 
Table VII, it may be seen that in capsularis the 
Rangpur fibre recorded the maximum damage and 
the Faridpur one the least. The olitorius fibre 
from Berhampore, Chinsurah and Pabna recorded 
less knots than that of Dacca. Apion is 

wide-spread in Bengal and variation in damage 
from place to place is to be expected. Whether the 
incidence of Apion is less in pure olitorious tracts 
such as Chinsurah, Berhampore and Pabna is a 
point which requires further investigation and 
survey. Since the weevil prefers capsularis, it is 
to be expected that its incidence is more where 
only capsularis or both (xcpsularis aiid olitorius 
are grown as at Dacca. 

That the knots do not result from ail the punctur- 
es is evident from the fact that the number of 
punctures observed in the standing crop is con- 
sistently higher than the number of knots in the 
corresponding fibre. It is, however, clear that 
a fair estimate of damage can be obtained even 
from the examination of fibre samples. 

The crop around the borders is subject to heavier 
attack than the inner one. It may be seen from 
Table VIII that the percentage of infestation 
as well as its intensity are higher in the border 
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Table VII 


, Amotmt of damage in quality trials^ 1940 



Average No. of knots per 
‘ reed ’ 

Mean 
average 
knots 
in three 
varieties 


C. O'. 

B, 26. 

Local 

Olitorius varieties 

• * 




Pabna' fibre 

0*20 

6*27 

6*19 

6-22 

Berhampore fibre 

0*08 

0*11 

0*07 

0*08 

Chinsurah fibre . 

0*13 

0 -il 

0*12 

0*12 

Dacca fibre. 

0-66 

1-00 

0*38 

0*68 

Standing crop, 

1*09 

1*45 

1*19 

1*24 

Dacca 





Oapstilaris varie- 

D 164 

D386 

Fanduk 


ties 





B^angpur fibre 

5*13 

4*48 

4*51 

4*70 

Faridpur fibre 

1*65 

M 2 

0*90 

1*19 

Dacca fibre 

1*53 

1*77 

1*59 

1*63 

Standing crop, / 

2*45 

2*54 

2-57 

2*52 

Dacca j 






Table VIlI 
Direction of attach 


1 Capsu- 
1 laris 
! border 

j 

Capsii- 

laris 

centre 

Olitor- 

ins 

border 

Oliior- 

ius 

centre 

Per cent infested j - 97*77 
plants i 

Average number i 8*11 
of punctures in | 
infested plants | 

86*95 

73*22 

59*71 

3*44 

2*44 

2*04 

Average number i 7*93 
of punctures in | 
total plants j 

2*98 

1 • 79 

1*22 

!' 


After the harvest of jute in low-lying areas such 
as char and heel-lands, the w^eevils fly to high-lands 
near the villages. They pass the winter in shrubs, 
weeds, bushes and hedges, and as soon as the new 
crop is available they come out and attack the 
nearest fields. Turther away from the winter 
shelter, the attack, therefore, becomes gradually 
lighter. 

Soil fertility. To find out the influence of ferti- 
lizers on Apion infestation, three years data from a 
manurial experiment conducted on the Bacca 
Tarm were statistically analysed. It was found 
that the plots manured with super-phosphate in 
combination with calcium, or with ammonium 
sulphate in combination with super-phosphate and 
muriate of potash or potash alone suffered signi- 
ficantly less Apion infestation than the control 
farmyard manure plot. In general, nitrogenous 
manures increase Apion infestation, but potash 
and phosphatic fertilfrers decrease xtf 


Table IX 


Effect of fertilizers on .Apion infestation 


Treatments 


Years 


i Apion 

1 infesta- 
j tion 


1939 

1940 

1941 

1 Average 

1 mean 
i per cent 

Jym . 

416*5 

286*8 

280*4 

64-6 

n . . . 

446*7 

316*6 

267*4 

67*2 

P • . . 

363*5 

279-6 

289*3 

51*7 

np 

312-1 

356*4 

246*6 

60-8 

h 

400-4 

224*6 

186*8 

45-0 

nh . 

343*6 i 

,377*7 

307-7 

57*1 

pJc . 

355*7 

26.0*7 

214-0 

' 46*6 

nph . 

311*5 

2.46*7 

205*6 

■ 42*4 

ca . 

386*1 

278*6 

293*1 

53*2 

nca 

445*2 

299*8 

304*8 

68*3 

pm. 

324*5 

234*7 i 

170*3 

40*5 

np ca 

362*8 

319*0 

23M 

50*6 

k ca . 

427*7 

208*1 

1 267*8 

50*2 

nh ca . 

273*9 

265*6 

274*7 

46*2 

ph ca . 

367*8 

259*5 

208*1 

46*4 

nph ca . 

Critical difference 

316*9 

249*1 

311*0 

48-7 

Insigni- 
ficant j 

\ 

\ 

87*7 

Insigni-, 

ficant 

7.7 


n ~ ammonitiio suipliate at 488 lb. per acre 
o = super -phosphate at 314 lb , per acre 
h » muriate of potash at 150 ib. per acre 
ca lime at 10 md. per acre 

fym = farmyard manure (basal dressing for all treat- 
ments) at 100 md. per acre 

Influence of date of sowing. Apion infestation 
of the top shoot is comparatively high in the eariy- 
<sown crop than in the late-sown one, as from July 
onwards the weevils prefer laying eggs in the basa 
part of the stem. The late-sown crop is, therefore, 
attacked less at the top and more at the base. In 
a capsularis crop sown in the middle of July at two 
and half months ’ age, tops and stem of only 5 
per cent plants were iiifested, but the basal region 
of the stem of almost every plant was ^ attacked, 
and immature stages were present therein. 

Damage and disease. Apion punctures, parti- 
cularly at the basal region, facilitate the entry of 
fungi like Mmrophom,ina Phmeoli mASclerotium 



■: Dabasitbs 

Though the pre-imaginal stages are passed 
inside the stem protected from the enemies, a high 
percentage of the grubs are stftjject to attack of two 
parasites. They await identification with the 
Imperial Entomologist, Imperial Agricultural Be- 
search Institute, New Delhi. One of the parasites 
belongs to the family Miscogastridae (Chalcidoidea) 
and could not be referred to any genus hitherto 
described. The other belongs to the family 
Braconidmilchmummoidea). 
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The female of both the para sites is able to loeate 
the grub that has not already been parasitized and 
paralyzes it by injecting poisonous fluid. The 
grub becomes inactive and the egg is deposited on 
its body. The parasitized grub from which a 
freshly laid egg or newly hatched larva (of parasite) 
has been removed does not remain alive for a long 
time. In no case more than one egg was found to 
have been deposited on the body of a single host. 
So far only one pupa parasitized by the Ghalcidoid 
has been recorded. Soon after hatching, the 
braconid larva fixes itself to the body of the host 
for imbibing body fluid. The OAuicidoid larva 
enters the body of the host and feeds within. The 
full-fed larva pupates inside the stem. 

The parasites are very useful in controlling the 
pest as they cause over 50 per cent mortality of the 
grubs (Table X). In the beginning of the jute 
season the parasitization is low, it reaches an 
, optimum level in the mid-season, and declines 
tdwards the end. 

TabeeX', 

Iricidence of parmites 


.MonthB 

Nil m be I 
of 

grubs 

ex- 

amined 

Per ceni 
parasi- 
tized 
grubs 

Coileoted from 

1939 . . 

190 

62-6 

Top and mid -stem 

1940— 




June . 

447 

36*9 

Do. 

July . 

419 

57-5' 

Do. 

August 

121 

57-2 

Do. 

September . 

469 

55*1 

Do. 

Do. 

88 

14*8 

Stubble 

October 

35 

17*1 

Do. 

Do. 

32 

9*4 

Self -sown plant 

1941— 




Hay . ■ . 

64 

17*6 

Top and mid-stem 

June . 

157 

28*7 

Do, 

July . 

142 

.57*0 

Do. 

August 

222 

78*8 

1 ■ Do. 

September . 

20 

85*0 

Top of stem only 

Do. . 1 

135 

35*8 

Stubble 

October 

184 

37*0 

Do. 

Do. 

191 

28*8 

Basal pai’t of stem 

November . 

539 

48*9 

Stubble 

1942— 




May . 

113 

29*2 

Top and mid -stem 

June . 

215 

28*8 

Do. 

July . 

308 

65*0 

Do. 

August 

206 

84*5„ 

Do. 

September 

19 

89-5 

Top of stem only 

Do. 

55 

49*1 

Stubble 

Do. 

1948 

64*4 

Basal part of the 
stem 

October 

2056 

45*4 

Do. 

Do, 

- 148 

62*8 

Entire plant 

Do. 

339 

48*1 

Stubble 


COOTEOL MEASURES 

The insect completes its life-history in a protect- 
ed state inside the stem and thus prese'nts a most 
difficult problem. The adults are very small, and 
though found on the crop throughout the season, 


take very little food and as such, cannot effectively 
be dealt with by any insecticide. 

Lefroy [1907] states that unfortunately there 
does not appear to be any practical method of 
dealing with such a small insect, but suggests that 
it may be possible to get a trap cropforit. So far, 
no alternate host other thsbii bun-olcra {TriwnfeUa 
rhomhoidea) has been found. As the weevil 
prefers to breed on jute, it is not possible to use 
btin-oiLTO as atrap crop. 

Over 50 per cent jof the pest is destroyed by the 
two parasites. The importance of these parasites 
in checking the pest is very high. Pending the in- 
vestigation of the question of utilizing the parasites 
for controlling the pest, the following control 
measures are suggested. 

1. Destruction of immature stages by burning, 
or retting of the infested plants during the early 
part of crop season, so that the activities of the 
pest can be checked right in the beginning. In- 
fested plants <3an easily be located from their 
withered tops. The removal of infested plants 
during the early part of crop season will not affect 
the yield, as the crop has to be thinned subsequent- 
ly. The plants removed during thinning should 
be collected and destroyed by submerging them 
in w'ater. 

2. Destruction of immature stages in the stub- 
bles by collecting and burning or submerging 
stubbles immediately after the harvest of Jute. 
The fields should be ploughed soon after harvest. 

3. The self-sowm plants which are found to be 
irifested with the pest should be destroyed by 
ploughing or harrowing. 

4. Destruction of immature stages by quick 
steeping of harvested jute. For easy handling and 
retting it is customary to stack the harvested jute 
for some time before it is steeped. For the first 
five days more parasites emerge from the cut 
jute than the weevils, but subsequently more 
weevils emerge than the parasites. It is, there- 
fore, desirable not to stack the harvested jute for 
more than four days. 

SlTMMABV 

Apion corchori Marshall, commonly known as 
the jute Apion, is a very important pest of jute 
affecting the quality of fibre. It is widely dis- 
tributed in Bengal and other jute-growing pro- 
vinces. 

'fhe eggs are laid singly in the stem near the base 
of the petiole, not very far from the apex. Occa- 
sionally the petiole and seed pods are selected for 
oviposition. During the late season oviposition 
is mostly confined to the basal part of the stem. 

The maximum number of eggs laid by a female 
during an oviposition period of 124 days eras 675. 
The highest number of eggs laid in a day was 13. 
The incubation period at room temperature is 
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,3 days during summer and 5 days in January. The. 
grub stage is extremely variable and occupied 8 to 
18 days according to ■nutrition available .in- the 
stem. ■ The pupal period is four days. 

, The inaximuni life of a weevil in captivity was 
209 |iays. During the winter, a weevil lived for 
35 days on water without any food. 

Throughout the season, due to continuous 
multiplication by successive generations, the crop 
is heavily 'infested with all stages. 

The adult causes very little damage. It is only 
the grub that is responsible for the damage which 
results in the formation of knot in the fibre deterio- 
rating its quality! ' . . 

Of the two cultivated species WiBolUorms is 
less susceptible. This might be due to higher 
tannin content in the latter’s stem. 

In gauging the damage, the percentage of in- 
fested plants as w’ell as the intensity of infestation 
(number of punctures per plant) should be taken 
into consideration. 

The crop around the borders is subject to heavier 
attack than the inner one. Away from the weevil’s 
winter shelter the attack becomes gradually lighter. 

The early-sown crop is attacked mostly at the 
top, and the late-sown at the base of the stem. 

The plot manured with super-phosphates^ in 
combination with calcium or with ammonium 
sulphate in combination with super-phosphate and 
potash is less attacked by Apion, 

In general, application of phosphatic and potas- 
sic fertilizer decreases Ap^ion infestation, whereas 
the niirogehous manures tend to aid its attack . 

Two parasites are found to check the pest. 

They destroy over 50 per cent of the grubs. 

The control measures suggested are based on the 
destruction of immature stages of the pest early 
and late in the season by destroying the infested 
material. , 
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Fig. 1. Infested jute stem ; a — injury 
Fig. 2. Split jute-stem showing the grub about to 
pupate; b— grub 
Fig. 3. Knotty fibre 

Fig, 4. Transverse- section of stem showing' .an' -egg 
. a — epidermis ; b-— -cortex ; c — phloem ; d— abnor- 
mal tissue growth ( x 40) , 

Fig. 5. Transverse section of stem at the place of in- 
jurv; a — epidermis; e — tunnel ; f — dcfoimed fibre 
bundles ; g— abnormal cortical cell-growth ; h — 
periderm ( X 8) 

Fig. 6. Transverse section of stem sliowing tunnel made 
by the grub ; e-^tunnel ; j — pupa ( x 12) 

Fig. 7. Transverse section of knot ; a — epidermis ; 
f— fibre bundles; g — abnormal cortical cells; 

i— excreta ( X 12) 


By KHiiN A. Rahman, B.Sc.(Edin), Ph.D. (Cantab), Government Entomologist, Punjab Agricultural 

College and Research Institute, Li'allpur 

^ (Received for publication on 10 December 1943) 

Maize and jowar are amongst our most impor- 
tant grain crops . Though both are grown all over 
India, maize is more extensively cultivated in 
Bihar and North West Frontier Province, and 
joimr ill Bombay, Central Provinces, Berar, 

Madras and Sind, while in the Punjab and the 
United Provinces they occupy extensive and almost 
equal acreage. 

These crops are attacked by a number of insect 
pests of which maize and jowar borer (CMlo 
zoneUus Swin.) is the most destructive, jiarti- 
eularlyin the Punjab where it has been under 


*Most of the inforn:)atiou given under this liotiding 
is taken from the annuo 1 reports of Bh. .Vmrik dirifrh 
(now working as Plant Protection Assiittuit at Hatisi) 
who wmrked on this pest from BVb'‘u-i:-v 1934 to Octolier 
1937 under the supervision and guidance of my predeces- 
sors, M. Afzal Husain and (the late) Dr R. L. Chopra, 
and myself 
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tree tranks^ under clods and stones and among 
leaves. They are positively pkototropic ; during 
July-Soptember their response to light was found 
to be at its height between 8 and 10 p.m. 

Longevity of adults » The moths are short* 
lived ; male and females observed from emergence 
to death lived respectively for 2-6 and 2-7 days 
in April ; 1-4 and 2-6 days in May ; 1-2 and 1-3 
days in June; 1-3 and 1-3 days in July and 
August ; and 1-2 and 1-2 days in September, 

Number of eggs in a cluster and its size. Females ■ 
lay oval, dull creamy eggs (which become black 
before hatching) in clusters on leaves. Each 
cluster contained 10-36, with an average of 23 
eggs and measured from 3* 1-12 -0, with an 
average of 6*2 mm. in length and from 1-0-3-0, 
with an average of 20 mm. in breadth. 

Progress of oviposition in the fields. The moths 
from the over-wintered larvae started oviposition 
in the fields in the last week of March, the subse- 
» quent generations of moths maintaining it right 
up to the end of October, Thus the egg clusters 
of G, zomllus were met with in the fields from the 
end of March to the end of October. These 
egg clusters were regularly collected from 
different fields in order to study the progress of 
oviposition. The results of these observations 
are given in Table I. 

Table I 


Progress of oviposition by CMlo zonellus in the 
fields during March’^Octoher 


Month 

Total 
number of 
plants 
examined ^ 
in different 
fields 

Number 
of egg- 
clusters 
found on 
these 
* plants 

Average 
number of 
eggs laid 
per month 
per 1000 
plants 

March (4fch week) . 

1,000 

3 1 

3-0 

April 

6,000 

149 ; 

24-8 

Mav" 

10,500 

30 : 

2*8 

June 

j 9,500 

22 ; 

2-3 

July 

■ 17,000 

118 

6*9 

August . 

14,100 

256 

18-1 

September , : 

.. 25,300 

77 . 

3*8 

October 

: 22,500 : 

[ ^ . i 

46 

2*04 


It will be observed from the above table that 
the pest laid the largest number of ^eggs in April 
and August and fewest number of eggs in May, 
June and October. 

Location of egg-clusters. According to 
Kuwayama [1928] G, zonellus lays its egg-clusters 
on the distal portion of a leaf. In the Punjab 
the position of 150 egg-clusters was studied on 
the leaves during April-June and it was found 
that of the total number of egg clusters laid on a 
leaf, 5*3 per cent of them were laid on the distal 


half, and the remaining 94*7 per cent within 
2-5 cm. of the base of leaf 

Egg-stage. G.,E, [1918], Ishikawa [1922] and 
Kuwana [1929] have found the egg-stage to 
occupy a week, 8-9 daj^s . and a week' in Meso* 
potamia, Kiigata and Japan respectively. In 
the Punjab duration of the egg-stage was studied 
for 4 years and it was found that the eggs laid in 
April hatched in 2 days while those laid during 
May-September and October took 3-4 and 5 days 
respectively to hatch (Table II). 

Larval stage. G. E. [1918], Ishikawa [1922] 
and Kuwana [1929] have found the larval stage 
to occupy 30, 40-50 and 24-56 days in Mesopo- 
tamia, Niigata and Japan respectively during 
the active period. Duration of the larval stage 
of this pest was studied in the Punjab for 3 years 
and it was found that during the active period 
(i.e. April- September) it occupied 15-31 days 
(Table 11). 

Pv^pal stage, Kuwana [1929] has found the 
pupal stage to be completed in 7-8 days in Japan 
during the active period. With us in the Punjab 
the pupal stage had been found to occupy 2-9 days 
during April-September (Table II). 

Duration of the pupal stage of the over- wintered 
larvae has been studied by Kuwana [1929] and 
Katsumata [19341 who found it to occupy 15 
and 22*4 days respectively in Japan. In the 
Punjab pupal stage of the over- wintered larvae 
had been found to last for 8-15 days in March- 
April, and 7-8 days during May. 

Duration of life-cycle. The pest comph^ted its 
life-cycle in 24-39 days (Table II) 

Number of generations. According to Kuwana 
[1929] Chilo simplex (^zonellus) Butl. has two 
generations a year in Korea and most of Japan, 
one in the north and four in Formosa while 
according to Pang Hwa Tsai [1932] it has two, 
occasionally three, generations a year in China 
and according to Ishikawa [1922] it has two 
generations a year in Niigata. Number of 
generations of tlxis pest was also studied in the 
Punjab. For this pmpose it was reared continu- 
ously in muslin cloth sleeves on maize plants and 
it was found that it had 6-7 generations a year 
which overlapped each other. 

Location of hibernating caterpillers. '^'G',': zonellus 
hibernates as a catei*pillar from the 2nd week of 
October to the end of March. Observations 
made to study the location of Ifibernating cater- 
pillars in the maize plant when the crop was 
being harvested during November-December. 
showed that 76*7 per cent of the caterpillars 
hibernated in stubbles, 13*5 per cent in stems 
and 9*8 per cent in cobs. ^ 

Almost all the caterpillars hibernating in stems 
and cobs are killed during winter as the former 
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Table II 


Duration of life-cycle of C. zonelliis 


* 

Eggs laid, on 

Eggs hatched on 

Larvae pupated on 

- 

Adults ©merged on 

Duration of (in days) 

Dura- 

tion 

of 

life-, 

cycle 

(in 

clays) 

Egg 

stage 

Larval 

stage 

Pupal 

stage 

4 April 

12 May 

13 June • 

13 July 

11 August 

12 September . 

6 April 
ie,May 

16 June 

17 July . 

16 August - 

15 September 

27 April — 7 May . 

3 June — 11 June 

4 July — 7 July . 

1 August 13 - 

August 

! 2 September— 12 

I September 

30 September— 5 

1 October 

6 May— 13 May . 2 

10 June — 15 June 4 

11 July — 14 July j 3 

10 Aug. — 18 Aug. 1 4 

8 September — 14 | 4 

September ! 

6 October — 13 | 3 

October ' 

21—31 

18—26 

18—21 

15—27 

18—28 

1,5—20 

6—0 

4— 7 

7 

5— 0 

2—6 

6— 8 ; 

1 

i 

I ' ■ 

: 32—30 

20— 34 

21— 31, 
i 28—36 

1 28—34 

24—31 ■" 


are used as dry fodder for cattle and the grain to vary from 2-6 to 24*3. Attacked cobs are 
from the latter as feed for man and livestock, fui-ther spoiled by the caterpillars voiding their 
Similar observations were also made in con- whitish excreta on them, 
nection with fowar and it was found that 12*2 Besistaxce of local axd foreiok vabieties 
per cent of the caterpillars hibernated in stubble.s maize to C, Zomllm 

and 87*8 per cent in stems: in the stems they Punjab selected varieties. Experiments on the 
were mostly (79*0 per cent) found from 6-72 in. comparative varietal susceptibility of red ICos. 
from the ground. ^ _ 1,2, 3, white No. 1 and local variety of maize to the 

Emergence of moths from hibernating caterpillars, j^aize and jowar borer were carried out and the 
Emergence of moths from hibernating caterpillars percentage of attack on these varieties as recorded 
was studied for three years. For this purpose a months after sowing was found to be 20-1, 

large number of caterpillars hibernating in stub- 30*0, 20*7, 29*0 and 18*2 respectively, 
bles and cobs of maize and were kept in the varieties. Micliigan corn hybrid 

laboratory. From stubbles, the emergence always 56i is claimed to be resistant to the European 
started in the Ist week of April and was continued corn borer (Pyrausta nubilalis Hb.) in Mchigan, 
up to the 3rd week of June ; 90*0 per cent of the A. To test its resistan<ie to fj. zondlus^ 

moths emerging between the 2nd week of April 5 of seed was obtained through the 
and the 2nd week of May. From the cobs the courtesy of Mr A. R^. Marston, Michigan State 
emergence always started in the 3rd week of College of Agriculture and Apiilied Science, 
April and continued up to the end of June, 65*0 East Lansing, U, S. A., axid sovm at Lyallpur 
per cent of the moths emerging in May. along with the local variety of maize. The 

percentage of attack was calculated about 
Damage ^ month after sowing. The results of the two 

G. zonellus does the most damage to grain consecutive years (1939 and 1940) sbow’ed that 
rather than fodder crops of maize and jowar. Michigan corn hybrid 561 was as severely attacked 
It attacks all parts of the maize plant except and damaged by C. zonellus as the local variety 
roots ; it bores in its stem and feeds on its leaves of maize. Therefore, because of this fact and 
and cobs. In jowar it bores in the stem which because of its poor yield and poor stand as com- 
is ridded with holes. Attacked plants often pared to the local variety, Michigan corn hybrid 
bend or twist over, and produce branches. Such 561 was discarded and the following other 
plants remain stunted and die without producing American corn hybrids (obtained through the 
^ains. The attacked plants show Vdead-hearts Oourtesy of Mr Merle T. Jenkins, Principal Agro- 
the bases of which smell offensively. nomist-in-Charga of Corn Investigations, United 

The caterpillars also bore into cobs and feed on State .Department of Agriculture, Bureau of 
ripening grains. 5445 cobs were examined at Plant Industry, Washington) were tried at 
the time of harvest on 17, 27 and 29 November; Lyallpur along with the local varieties during 
3, 8, 9, 11 and 12 December; and 20 January 1942. The results of these trials are given in 
and the percentage of attack on them was found Table III. 


i 


306 


THE INDIAN JOU'ENAL OF AGRICULTUEAL SCIENCE 




Table . Ill 

lirsi'^iadca of J/dJjrlco-n and local varieties tv Chilo 
zoiielluB 

(Date (»f sowing 10 August 1042) 


VeU-ioty 

Nu niber 
of plants 
cxaininefl 
on 20 

Novel fiber , 
1042 

Nnmliei* 

of 

caterpillars 

fOLUiCl 

! 

Yield of 
grain 
per acre 




Md. sr. eh. 

B- , Pr. 

200 

20 

27 2 0 

fli/Oso . 

2<j0 

5 

38 2 0 

B2:'384i . 

200 

9 

39 35 0 

E^XLSIT , 

200 

13 

11 0 0 

ID/HV , 

200 

8 

13 3 0 

X . 

200 

8 

24 3 0 

/ ocal — 




Jjrcai 

200 

13 

^ 37 27 0 

M. S. 2H 

200 

IG 

33 19 0 

r. S, 44 

200 

lo 

37 8 0 

M. S. 02 . . , 

200 _ 

10 

27 13 0 


11 ^ I Tlie above table giveH the results of the 'first 

j ‘ year cf the Ail ei lean varkbies of com under 

j;i i I?unjab conditions. Tlnse trials arc being 
; ; ‘ continued and tl'cir results will be coinniunicated 

hj’ in due course. 

Effect of stimulating plx^nt growth on 
0 . Zonellvd incidence 

When doing field work on C. zonelhis it was 
noticed tliat wLen a maize plant w^as attacked 
before nodes were foimed it showu»d a ' dead 
heart ' and its growth was chcckod, but when 
it was attacked after nede formation, it neither 
produced a' 'dead heart’ ncr its growth was 
checked. It was, thc-reforo, decided to study the 
effect of stimulating ijJant gre^wdh for earlier 
node formation by the application of nitrogenous 
manures on the incidence cf pest. For this 
purpose f^xptilments were laid out in 1940 and 
again in 1942. Since the results obtained in 1942 
eoiifirm the data obtained in 1940, findings of 
onl}^ 1942 are discussed. 

In 1942 an area of 118 X 60 ft. was selected 
and divided into four blocks, each block being 
further sub-divided into four plots. The 
following four treatments with four replica? 
lions of each were given by block rando- 
mization s^BtcTu : (1) Control* (2) Farm-yard- 

nianure at the rate of 50 cart leads per acre, (3) 
Ammonimn sulphate at the ratt^ of 4 md. per 
acre added about a fortnight after sowing, (4) 
Farm -yard- n-aituro «n,nd amnionium sulphate at 
th{‘ above rates. Maize was sown on 30 July. 
The plots uTT'e irrigated immediately after the 
addition of ammonium sulphate. 


'[XIV 

' The damage was recorded in th(3 first week of 
October. It varied from 16-0 to 18*25 per cent 
in the treated and control plots as is seen from 
Table IV : the results- obtained were nega^'ive. 

Table IV 


incidmee of the fpest in the control and treated plot ^ 


Treatment 

Number of plants | 

Fercontage 
of attack 

Examined 

Attacked 

Control 

400 

71 ' ' 

17'7' 

Farin-yard-manure 

400 

73 

■00 

Ammonium sulphate) 

455 ' , 

72 

16-0 

Farm -yard - manure 

400 

71 

17-7 

plus ammoniiiTO 




sulphate * 





Mortality amongst oaterpillars hibernating 
IN maize STUBBLES IN BEBSEEM FIBLDS' 

As pointed out above maize in the Punjab is ^ 

generally followed by such fodder crops as 
' senji ’ {Melilotus par«;?]/?om) or ' berseem ’ 
(TrifoUum-alexandrinnm) but ‘berseem’ is now 
more popular with the cultivators and is more 
extensively grown. Maize stubbies from ‘ber- 
seem ’ fields were examined for hibernating borers. 

The results are presented in Table V. a 

Table V 


Mortality percentage among caterpillars hibernat’ 
ing in maize stubbles in berseem fields 


Month and week 

o 

d 

! No. of larvae found 

Mortality 


stubbles 

examined 

Living 

Bead 

percentage 

March 


! 



I week 

200 

I 46 

1 

2*2 

II week 

300 

!. 63 

■2 ' 

3*0 

III week 

400 

22 

: 7 ■ ■ '! 

24*1 

IV weelc , . 

500 

60 

24 1 

28*5 

April 

I week 

300 

23 

9 ' 

■ : 28-L. 

II week 

300 

28 

17 

.,■, 37.7 „ 

III week 

300 

22 

18 

45*0 

IV week . 

400 

28 

8 

.■,:: 22*2 ■ , 

- May 




20*0 

I week 

400 

22 

9 

II week 

200 

0 

5 

35*7 

111 week 

400 

10 

10 

50*0 


It will be observed from the above table that 
nioi*talit;j" anicngst the caterpillars hibernating in 
maize stubbles in ‘berseem’ fields is quite appro- >4 

ciable and during ,3rd week of March to 3rd -week 
' of May it ranged from 22 * 2 to 50 * 0 per cent . 



BTOLOflY AND CONTROL O? MAIXE AND JOFAR BORER 


The FFFECT OE DATE OE SOWING OH THE INCIDENCE 
OE C. Zonelhis 

Ex] erii) c ntK to ntucly tli.c cOBiparative 1)0101 
atta,ok on maize so’hti on different dates were- 
started in .My 19.3.5 and concluded m August 

1942 Tlie.se exjxrriments i^'cre laid out :.at 
Montgomery, Lyallpur, Beas jAmritsar district) 
and Bawalpindi. Maize an important crop and 

BUlize borer a serious, pest in these localities. 
expermentar 'field selected 'for the purpose, at aB 
these places was divided into four blocks, each 
block beins' further sub-divided into four plots. 
Maize w^as" sown four times during the season 
nearly after fortnightly intervals starting from 
mid-July and the sowings were done by block 
randomization system. Thus in all cases there 


were four soivings with four replicationB of eaeh. 
The area of each cXjK'rimcrdal j»lot was I,hrth 
of an acre. Kc n-eX[K‘rimcnlrI si rips pruvkh d 

at each end of llwso pl(4s. 

■ ,ln order to iuh nl llic of (is* pent, 

maize w’as cxamjnldl-2 months <jfH r sowing* 
"For this examinatiem tbixc ccjual ] ai( hes vociv 
selected at random fro>m eacli plot arid a-il tlm 
jilants, in them cut dos<‘ to tbe ginmid aiw! exa.- 
mined for caterpillars. 

A large mass of expcriiriental data ha^c thiin 
been collected and as all tliese date!) h-ad to, and 
confirm, the same conclusions (iitly emc years 
results are given for each loealit^^ fijr tin* saJee oi 
brevity. 


Table VI 

Comparative C. zonellus a ttach on maize sown on different dates 

\ \ I 'No. of plants' - 

Locality and year | Date of sowing i Date of examination |_ 


Pet-ceii- 


Po'pnia- 
tioii of 
'borers 


Lyalipnr, 1939 


Montgomery, 1939 


Beas, 1941 


Bawalpindi, 1942 


18 Inly 
31 July 
12 August 
24 August 
15 July 
30 July 
15 August 

30 August 
15 July 

31 July 

15 August , 
September 
22 July 
7 August 
22 August 



Examined ; 

Attacked : 

attack 

I — " 

plants 

18 August . • 

314 1 

292 ^ 

03-2 

366-5 

30 August 

' 331 1 

224 ! 

67-6 : 

132*1 

14 September 

298 ! 

129 

43-2 

64*4 

25 Sejitember 

304 ^ 

39 

12- 8 

,34*8 

14 September 

■ 1721 ' 

1256 .. 

73-0 

106-5 

30 September 

992 

466' 

46- 9 

59-0 

■ 

15 October 

1245 

4G7 

3 i * 0 

61*0 , 

. 

1 30 October . * 1 

1313 

542 

.41-0 ^ 

■ 73*0.", 

1 31 August 

612 ■' 

347 

, 56-7 

iV •'34*0.,'' 

1 IG September 

583 

200 

34*7 

27*4... 

1(5 September 

453 

77 

17*0 ■ 

20- 7,,.., 

IG October . * 

565 

52 

9*2 

j 8*1 

15 Septenaber 

571 

97 

17-0 

j 

1 80-4 

16 Septenaber 

362 

7 

j .. 2^0 

1 25*7 

31 October^ . , * 

■ 651 

45 

i 7r5 

1 

I 

j 35*5 

1 


It -will be observed from the above 
the maize crop sown betw^een 15 and 30 July 
suffered more ■ from the pest than that sown 

between 7 August and 1 September. 
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THE ONION THRIPS (TJIMIP8 TAB AG I LIND. : THRIPIDAE : 
TEEEBRANTIA : THYSANOPTERA) 

By Ehan A. Eahman, B.Sc. (Ageio.) (Edin), Ph.D. (Cantab) and Anshi LalBatea, B.Sc. (Ageic.), 

Entomological Laboratories, Lyallpur 
(Eeceived for publication on 17 April, 1944) 

Tbripb iabaci Lind, is nearly a cosmopolitan a total of 50-60 eggs in its life-time : according to 


pest which has been recorded as occurring in such 
climatically different regions as South Europe, 
East and Central Europe, Asiatic Russia, India, 
Java, Japan, Australia, Hawaii, Chile, Mexico, 
U. S. A. and Canada. The presence of this pest 
in India was recorded for the jSxst time by Karny 
in 1926 from the material collected by T. V. R. 
Ayyar as far back as March, 1920, from cotton 
flowers at Coimbatore while in the Punjab it was 
collected from Panipat, (District Karnal), in 
March, 1930, damaging onions and garlic. It was 
discovered at Lyallpur in 1935. Investigations 
on this pest were taken up seriously at Lyallpur 
in 1939 and this paper embodies the results of 
these investigations. 

Life history 

Thrips tabaci Lind, congregates in dense masses 
deep down in the narrow spaces between the 
axils of the inner leaves of the onion plant ; it 
does not appear on the free portions of the leaves 
until present in very great numbers. 

Oviposition, During March- June, two days 
after copulation, females started laying eggs. Eggs 
were laid singly in the leaf tissue on the under- 
side of a leaf. A female laid 4-6 eggs per day and 


MacGill [1927] a female laid 50-60 eggs in its life. 

In leaves dehydrated in Alcohol and cleared in 
clove oil eggs could be seen as translucent spots 
under a binocular microscope. 

The duration of the egg stage varied with the 
season : eggs laid in January-Eebruary hatched 
in 8-9 days while those laid in March, April, May 
and June took 7, 6, 5 and 4 days respectively to 
hatch. (For duration of egg stage in other 
countries see Table I below). 

Nymphal instars. Eggs hatched out usually 
in the morning. The nymphal stage occupied 6 
days during January-March and 4-5 days during 
April-June. (For duration of nymphal instars 
in other countries see Table I below.) 

Pupation. Pupation took place in the soil 
throughout the year. The second instar nymph, 
when full fed, descended to the ground in which it 
burrowed to a depth of about an inch. Pre- 
pupal period occupied 1-2 days throughout the 
year while the pupal stage occupied 4 days during 
January-March, 3 days in April and 2 days in 
May- June. 

Life-cycle. Table I gives the duration of the 
life-cycle of the pest in the Punjab and in other 
parts of the world. 


Table I 

Duration of life-cycle of T. tabaci Lind, in the Punjab and other parts of the world 


Locality 

Observer 

Egg stage 
(days) 

Larval 

stage 

(days) 

Prepupal 
and phpal 
stages 
(days) 

Punjab . • . * 

Rahman and Batra . 

4-9 

4-6 

3-5 

Holland , ♦ . . 

Van Eecke , , • 

7 

8 

4 

Massachusetts » 

Hind 

4-7 

7-8 

7 

Florida . , 

Quaintanee , 

3-4 

7-9 

4 

Manchester 

MacGm . , , . 

8 

10-14 

5-9 

Japan . • , . 

Sakimura 

3-6-6‘3 

6-4-14-0 

4-5-10“3 

H. S. A 

Eddy and Clarke 

: ■ $ ■ 

4-6 

4-0-4-6 


Total of 
immature 
‘ stages 
(days) 


12-19 
21-28 
21-28 
16 
23-31 
14 -5-80 -3 
13 *0-15 -5 


Seasonal history aw[> foob-rlants 

Seasonal history of Thrips tabaci Lind, was 
studied at LyaUpur during 1939-1941. The pest 
was found to appear on ‘ set onions (grown from 
bulbs produced in the previous season) in the last 
week of November, It migrated from ‘ set 


onions^ to ‘seed onions’ (grown from seed 
which are transplanted in January-Eebruary and 
harvested in June) in the beginning of spring 
when adults started laying eggs in large numbers. 
From about the beginning of March to the end of 
May all stages of the pest were found in the fields 


THE ONION THBIFS 


m 


If] 

and it was. diiriBg this ,, period that it did the 
greatest amoimt of damage to * seed onions h In 
June when .the , onions are harvested, the pest 
migrated t.o other food plants. Table II gives the 
food-plants,, of the pest moiitliwise. 

' Table II 


■Food-plants of T. tabaci Lind, monthwise 


Month 

Food -plant 

October ■ . 

November 

1. Cabbage 

2. Cauliflower 

December 

3. ‘ Set onions ’ 

January . — 

February . 

March' 

► 4. Garlic 

< 

April 

May 

June , 4 

^ 5. ‘ Seed onions ’ 

July 

^ 6. Karela (Momordica chmantia) 

August 

7. Chillies 

September 

8. Lady finger 

9. Peiha {Beniiicam cerifera) 

10. Halwa Kadu {Cucurhita maxima) 

11. Tori {Luff a aegyptica) 

12. Til {Sesmnum indicum) 

13. Cotton 

14* Brinjal 


In other parts of the world this insect has been 
recorded as feeding, in addition to 1-5 above, on 
the following food plants by various investigators : 

Parselay, cucumbers, melon, pumpkin, squash, 
turnip, tomato, lettuce, beets, beans, peas, celery, 
cotton, strawberry, blackberry, potato, sweet 
potato, lucerne, tobacco, spinach and wheat. 

Population suevey 

A population survey of the pest on onions was 
carried out twice a week during Novemher-May 
at Lyallpur and for this purpose 5 infested onion 
plants, which were selected at random from a field, 
were cait from the base with a sharp knife, enclosed 
in cellophane bags (measuring 12 in. X 6 in.) 
and brought to the laboratory, where they were 
carefully examined for nymphs and adults- 
which were collected from them by unfolding 
the leaf blades one by one and afterwards 
counted under a binocular microscope. A record 
of rainfall as well as daily temperature was also 
kept. These data (lumped together from Novem- 
her to 3rd week of February and weekwise from.4thL 
week of February to 2nd week of June) are 
presented in Table IIL 


Tabte, .III 

Popnlation ofT, tabaci Mni, m onims during 
MommMr-Jum 



^ ' Pabthenogenesis ' 

Parthenogenesis is a common phenomenon 
among thrips and is also met with in T, tahaoi, 
the parthenogenetically produced progeny con- 
sisting of females only. During March- June, 1940, 
400 adults were examined and all of them were 
found to he females : Sakimura [1937] collected 
6019 adults throughout the year in the vicinity 
of Tokyo frojn onions and found them all to be 
females. 

Damage 

The injury which onion-thrips inflicts on the 
onion plant is called ' white blast ' white 
blight ’ or ‘ silver tops the whitened appearance 
of the onion leaves being due to the extraction 
from them of plant juices, first by rasping and 
then by sucking both by the adults and the 
nymphs. The attacked leaves become curled, 
crinkled and even twisted. The pest was found 
to do the greatest damage during dry seasons 
when it destroyed 75 per cent of the crop. 

CONTEOL 


a. Sprays 

FoUowing insecticides, prepared according to the 
formula given against each, were teed against the 
pS during 1939 and 1940. 

Tobacco decoctionr-^ 

Tobacco refuse . * * • • ^ 


Cheap soap 
Water . 


4 oz* 

I gallon 


A-h decoction 

Ah {Galotropis procera) 

Cheap soap 

Water 


2ib. 

8 oz, 

3 gallons 
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Xim {MeUa azadinichla) n^iid dkatura {Dafmra 
,spG,) flcx-oetioMs prepared according, to the aboce 


formula, were also tcstial. 

Rosin. SO; irpu/m soap 

B,osij] i-olignum soap 

. 

12 055. 

Water .... 


4 gallons 

Bkiclc leaf 40— 

Black leaf 40 . . . ,. 

. 

I oz. 

Fish oil soap . ., ■ 


8 oz. 

Water ' . , . 

• 

6 gallons 

Derrisol (Liquid katakilla)'— • 

Derrisol ,' . 


1 oz. 

Fish- oil soap , . , . 

. 

. 8 oz. 

,- 'Water . . . . 

Results are given in Table IV. 

5 gallons 


■ Table IV 

f; - Efficacy of different insecticides against T. tabaci 


Serial 

number 

Insecticide 

Mortality 

percentage 

Cost per 
acre 

1 

Tobacco decoction . 

75 

Rs. 2 

2 

Ah decoction , 

61 

Re. 1 

3 

Nirn decoction 

■ ,57- 

Re. 1 

4 

Dhatura decoction . 

'52 ■ 

Re. 1 

5 

Rosin soiignum soap 

66 

' Re. 1—12 

6 

Black leaf 40 . 

82 

Rs. 6 

7 

Derlsol 

' 75 ' 

Rs.:8 


It will be observed from the above table that 
Black leaf 40 gave a mortality of 82 per cent at 
a cost of Rs. 6 per acre. 

It may be x^ointed out that a field of healthy 
onions is sold at Rs. 180-200 per acre but when 
infested with the onion thrij^s it may be sold for 
anything up to Rs. 25 per acre. 

5. Dmts 

Various dusts such as Nicotine dust (3 per cent), 
Tobacco dust (50 per cent), Naphthaline dust 
(33 per cent) and Crude Naphthaline were also 
tried against T, tabaci. These gave a mortality 
23ercentage of 26*8, 32*9, 14*1 and 18*5 at a cost 
of Rs, 8-8, Rs. 6-6, Rs. 2-8, and Rs. 16 per acre, 
resj)ectively. 


[,11V 

.Maiighan [ 1932 ] tiieci .various dusts, and sx^rays , 
for - the control of, onion . thrips (Thrips taJbaci 
Lind.) on onio,ns, in Ithaca (New York) and found 
Nicotine preparations to be most effective in gene-' 
nil, with kerosene, pyrethriim x^rodiicts, naphtha- 
line and copper sprays, or dusts giving high , ' ■ 
degrees of eontrol. 

SUMMABY 

Thrips tabaci Lind, is a cosmopolitan insect 
which has been recorded as feeding on a large 
number of food x:>lants. It is, however, a serious 
pe^st of onions. 

In the Punjab, it completes its life- cycle in 
12-19 days during the active period— January to 
June — as follows: 

Egg stage, 4-9 ; larval stage, 4-6 ; prexjnpal and 
pupal stages, 3-5. Prexmpai and x^iipal stages 
are passed in the soil at a depth of 1-2 in. 

Onion thrips appears on ‘ set onions ’ in Novem- 
ber and remains on them till February : during this 
period it does little damage. It becomes active I 
in March and its damage is at its highest during 
March-May. During June, it migrates to 
Malvaceous and Cucurbitaceous x)lants. 

Parthenogenesis is a common phenomenon, 
among these thrips, the parthenogenetically laid ; 
eggs producing females only. - 

The pest can be effectively controlled by sx>ray- | 
ing with Black leaf 40. 
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VARIATION IN THE MEASUREABLE CHARACTERS OF COTTON FIBRES 

VIII. VARIATION BETWEEN REGIONS OE THE SEED SURFACE 

By R. L. N. Iybkg-ae, B. Sc., Tecliiioiogieal Laboratory, liidiaii Centra] Cotton Ccrainittce, Bombay 

(Received for publication on 28 February 1944) 


(jiilercnces aiaoiig the difi'L-rent regions. Be- 
c(-nt}y ALooro also luis observed similar 

vcrhilirni. ill ]v>^iial aad fil.rtiad's veurk t.:ie 
ii’hf'us on the wliolo socfl were clivirled into xom’’ 
regions and examined. Besides, the seeds were 
olitained from tlie bulk sample. It vra.s, there- 
fore, tlioiigiit, iiitercstiiie* lo study \rliether the 
variation observed would bo reduced if a more 
uniform sample was eho-en and if the fibres 
were taken frr.m oyer a smaller regk,m of the 
seed surface. Tins stud^^' is dealt with in the 
following pages. 

ALvtertal and sampling 

Pour four-locked bolls picked Born a single 
plant of Co. 2 on 14 Aiaicii 1981 supplied the 
material for this eii(|uiry. Out ot this produce 
all the nine-seeded locks, with no undeveloped 
bolls, were separated. The seeds in the lock 
were numbered in the manner described eise- 
wdiere [ Iyengar, liidl, 1] and sorted out accord- 
ing to the position of the seed in the lock. Thus 
nine main samples were obtained. 

The surface of the seed was divided into six 
regions, namely (1) micropylar end (2) region 
close to the ra]jije [3) right side of the laphe (4) 
left side of the rap lie (5) b. ck of the raphe and 
(6) the chalazal end. The full halo was combed, 
care being taken to have as small a combed 
waste as possible. By means of dissecting 
needles fibres situated over the exact regions 
were separated and pulled out by hand. In 
.o]’der to avoid overlapping, bunches of fibres 
arising on the borderland between two contigu- 
ous regions xyerc rejected. The fibres of the 
corresponding regions xvere put together and 
tlicse formed the samples for examination. In 
some of the sampdes flie raphe and back regions 
were not examined. . 

Experimental 

Tim v’liole sam])]e vras made into a sliver and 
tlic mean fibre longili was detfcrmined by means 
of the Balls sorfer. As the sample was small 
only one Balls sorter test wms made. The fibre 
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weight per eni. was tiien determined by weigh- 
ing 2,000 yfibres eiit to crii. lengiiis. (The 
. cutting method was employed as the whole 
fibre -\veig 111 11 g-niet hod was not in vogue vBen 
this work was done). The remaining portion 
of tlie slivei' Was used lo determine the maturity 
pei*,centage by using Clegg’s [1032] method. 
Ten tufts of about KTi lilircs eaidi xvere examin- 
ed for each sample. 

Eesults 

(a) Vanahility of length 

Before taking up tii(3' mean length for . each 
region the variability of tlie length in each region 
may be considered. .In the present study this 
is assessed by the coefficient of variation of the 
length distribution as obtained by the Balls 
sorter. ■ ' * • ■ 

The values of coefiicient of variation given in 
Table I are the mean values. The individual 
values were iound to vary ironi l4*U xo 25'! per 
cent. The variation oi the coefiicient is consi- 
derable at the micropylar end. The mean 
value for this region is iiigiier than for the 
otiiars. The cause of the higher variability 
shown by the micropylar region may be the 
following. The mean fibre length for this region 
will be seen . later to be considerably smaller 
than that for the other regions, if, therefore, 
instead of taking the fibres exactly over the 
inicropyiar end, it is taken over a slightly wider 
region a number of longer fibres enter into the 
sample and thus increase the vanahility. This 
effect is not prominent in the other regions as 
no such sharp variation in length occurs there. 

The results considerGcI above are for the 
different positions of the seed in the lock of one 
cotton, Co. 2. The coefficient of variation cal- 
culated from figures given by Koshal and 
Ahrnad [1902] lor four regions for eight coitoixs 
also indicate the same fact. 

(b) JFihre length 

The mean value for the micropylar region, 
0-88 in., is significantly loss than for the others! 
The right side and the left side having respect- 
ively mean lengths of 0’97 in. and 0*98 in. do 
not differ from each other. The mean length of 


XosiiAL and Aiiinad [1032] have made detailed 
study on tills point and find considerable 
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Table I 

Fibre properties in the different regions of the seed 


Property 


Coefficient of variation of length per ^ 19*0 15-1 ... 

‘ 0 0-88 1-00 0.07 0.08 COl 0.95 0.023« 

3 Meanflbrowta>ercm.(10-t^gm.) _ 0 2.88 1*44 2-25 2-23 2.29 2*25 0^138- 

i/lMatnre abres per cent. . . 0 88-0 30-1 76.6 72.1 86*0 OO-O 

5. tlmmatareabrespercent. . . 9 0.2 SO-O IS-O M-O S-O IS-O ...- 

6 . Standard fibre wt. (10-6 gin.) . 9 2-68 1'93 2*21 2-23 2-26 2-26 O-m** 

7. more cell diameter 2 ^ X5.4i0.26 I2.4i0.16 13.7i0.21 ... ... ... ... ... 

8* Piizz diameter (microns) 4 SO-SiO.Sl 25.3±0.68 25.6i0.72 ... ... ... ... 

0. Fibre diameter (microns) 3 25.6iO.43 21.2i0.34 22.li0.27 ... ... ... ... 

30 . Strength of attachment ICO. 2 . 2 3.20i0.22 1.32i0.10 2.7Si0.18 2.28±0.16 2.50i0.23 2.40i0.15 ... ... 

ome fibre to the seed 1 4.28i0.37 .1.87±0.22 2.54i0.19 2.48i0.18 [ 2.97i0.23 2‘54i0.17 ... ... 

* The . number of tests fox properties X to 6 is only three for these two regions and the analysis of variance has not been applied to these re- 

$ FoSse properties the analysis of variance has been done using the inverse sine transformation 


the chaiazai region, 1*0Q in., appears to be signi: 
iicaiitly higher than that for the right side and 
is nearly so than that for the ieit side. The 
mean for the raphe region, 0*91 in., indicates a 
smaller A^aiue but as it is based on three Yalues 
only requires further confirmation. The mean 
length for the back region, 0 95 in., which is 
also derived from three yaiues only, may not 
be significantly different from the right and left 

In another study [Iyengar, 1941, 2], only 
two regions, micropylar and ebalazal, were 
studied for the same cotton, Co. 2. It is^ found 
tliat on the average the length is 0*88 in. for 
the micropylar and 1*00 in. for the chaiazai end, 
coinciding with the mean values obtained 
above. The coineidenee is, however, due to 
chance but it can be taken as an indication of 
good agreement. 

The foregoing conclusions are in conformity 
with those drawn by Koshal and Ahmad [1932] 
and Moore [1941]. 

(c) Fibre v^^ight per cm. 

The mean value, 1'44, for the chaiazai end 
is considerably less than that for the other 
regions. Similarly that for the micropylar end, 
2*88, ^'s significantly higher. The mean values 
for the other regions which vary from 2*23 to 
2*29 do not indicate significant variation. 

In the other study [Iyengar, 1941, 2], the 
mean fibre -weight for the micropylar end was 
got to be 2*86 and for the chaiazai end 1*26, 


which are in substantial agreement with the pre- 
sent findings. 

These results, like the length results, are in 
agreement with those of Koshal and Ahmad 
[1932] and of Moore [1941]. In some of the 
cottons studied by Koshal and Ahmad, how- 
ever, the reduction in the fibre weight at the 
chaiazai end is not as large as that found in the 
present work. 

(d) Fibre maturity 

Taking the mature fibres first it will be seen 
that the mean for the chaiazai region, 30'1 per 
cent is very much smaller than that for the 
others. The mean for the micropylar end, 88-G, 
is higher than that for the right (76-5) or left 
(72*1) sides. No definite conclusion can be 
drawn regarding the raphe and back regions, as 
the mean values are based on three positions 
only.' The immature fibres also conJfirm the 
previous statements. The chaiazai region with 
56*3 is considerably more immature and the 
m^’cropylar region with 6*2 less immature than 
the other regions. 

The results obtained for 14 strains in another 
study [Iyengar, 1941, 2] point to the same con- 
clusion. In some of the strains, however, the 
variation in the different regions is not so consi- 
derable as observed in the present case. Moore 
[.1941] and also Campbell, quoted by him, have 
also observed the same kind of variation. 

Moore [1941], however, has attempted to 
correlate the variation in the fibre weight and 
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ivj MEASUBEABLK CHAfiACTEKS OF COTTON FIBRES, VIII 

Table II 

Number of fibres and nutrition supplied to the chalazal and micropylar regions 

(Calculated froiu the figures givea by Moore) 


No. 

Cotton 

Number of fibres in 3 • 567 sq. mm. 

l' ' Nutrition gm./cni^ 

B' 

A 

Ch. 

Mic. 

Ch. 

Oh. 

Mic. 

Ch. 

Mic. 

A 

Mie.. 

B 

■ I ' 

Mexican 128 

1,457 

317 

4.6 

16.7 

5.5' 

3*0 

0*65 

' ."2 , 

Coker Cleveland 884-4 . 

2,044 

241 

8-5 

19-1 

4‘1 

4* 7 

O' 55 

3 

Farm Belief No. 1 

1,493 

256 

5-8 

16-1 

'4-7 

3*5 

. , 0*60 

4 

Acala 4067 . 

1,646 

406 

4*1 

15-7 

6*2 

2*7 

. 0* 66 . ■ 

5 

Bowden 40 . 

1,725 

216 

8*0 

19-3 

■ 3-7 

'5*2 

0*65 .; ; 


Mean 

1,673 

287 

5-8 j 

17*4 

4*9 

3*5; 

0*60 


I maturity in the dift’erent regions with the num- the latter value* The increase in the case of 

} ber of fibres produced per unit area of the region. the actual fibre weight per cm. is found to be 

I For the sdke of simplicity two regions (1) and 100 per cent. In the other study [Iyengar, 

f (6) of his study, whicn correspond to the ohaiazal 1941, 2] the corresponding increases were found 

end and the rVgion close to the micropylar end to be 44 and 127 per cent respectively. It 

may be considered here. The number of fibres means that the var'ation in the maturity or in 

produced in the punched area is given by him. the .secondary thickening aocounte for about 

i The quantity of nutrition supplied can be got by two-thirds of the variation observed in the fibre 
multiplying the number of fibres by the corre- weight, the remainder being due to the difier- 

■ spondmg mean length of the fibres and the fibre ences in the diameter of the fibre cell. From 

weight per 'Unit length. The values thus obtain- the above it follows that this diameter k largest 

ed are given in Table II. They indicate that at the micropylar end, smaller at the sides and 

the number of fibres produced at the chalazal still smaller at the chalazal end. 

end is relatively very much greater — 4T to 8‘5 The results obtained for the actual uncollapsed 
times the number near the micropylar region, diameter in another study [Iyengar, 1943] con- 

The quantity of nutrition supplied is also consi- firm the above findings. This feature appears to 

derably higher in the former region but not as be true even in ovules which are very young, 

great as observed in the number of fibres, being The diameter of the sprouting cell was deter- 

only 2-7 to 5-2 times. Thus each fibre at the m'ned for ovules of Co. 2, two days old, grown 

( chalazal end receives relatively less nutrition at Coimbatore. Three regions, micropylar end, 

; than at the micropylar end, being on the average right side and chalazal region have been studied 

i about three-fifths.' This accounts for ibe lower in each case. At extictly the micropylar end no 

i fibre weight per unit length and lesser degree fibres are formed at the age of two da;^. Hence 

; of maturity shown by the fibres produced in the the diameter of the fibres nearest that region 

i former region. The "cause of the reduced nutri- was determined. Six ovules have been studied 

; tion appears to be, as shown by Moore, the rela- and the results show that in each case the dia- 

!' tively large amount of intermicellar space meter for the micropylar region (16-4) is greater 

[ between the vein and the epidermal layer at the than that for the right side (13-7) which in turn 

chalazal region. is greater than that for the ohaiazal end (12-4), 

just as is found in mature seeds. 

(e) Standard fibre weight The diameter of the fuzz fibres also signifies a 

The mean value for the micropylar region, .sim’lar tendency. The fuzz was swol'en in 18 

2’68, is significantly more than that for the other per cent caustic soda and about 100 to 170 fibre.s 

regions. Similarly, the value for the chalazal were measured for each region of a seed. Four 

end, 1'93, is significantly less. The variation seeds of Go. 2 (fifth seed of nine-seeded locks) 

I among the other regions, 2-21 to 2'26, is not were examined. The results denote that iu all 

[ . significant. The increase at the micropylar end cases the micropylar region (80-3) indicates a 

I ■ oyer that at the chalazal end is 39 per cent of significantly higher value as was found in the 
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uase of lint; ii}3re.s. Jiut the difference between 
tlie chaluzai region (2ei'3j and the right side 
(2a*6) is not siguii'icant. 

The diameter of fuzz is greater than that of 
Flit ill aii cases agreeing wdth the finding of 
Bais [1928] and of Brown [IQBSji. But the 
other stateinent of Brown that as the cell wall 
is thin, they resemble immature or undeveloped 
fibres is not borne out. The results obtained for 
t'o. 2 cotton show that the maturity of the" fuzz 
from all over the seed is 95- — 3. Even at the 
chalazal end, where the lint fibres were found 
to be very immature, the maturity of the fuzz 
is Hi — 12, while for lint from the same seeds it 
fs 42 — Tn another sample the maturity of 
fuzz at the eha'azal end was found to be 94 — 4 
as anainst tlie maturity of lint of 57 — 29. It 
is thus seen that the fuzz fibres are considerably 
mature nirreeing vHth the statement of Balls 
[1028] [hat these fibres show restricted length- 
growth whdi rank thickness-growth. 

(f) Sire 7 i^th of attachment of the fibre to th^ 
need 

This is a new property studied in this connec- 
tion. It was meiisured by finding the force re- 
quired to puli out the fibre by loading it by 
means of the 0 ’Neill float. The seed was held 
in a padded damp and the other end of the 
fibre to which an eyelet was fixed supported the 
float. Th'rty fibres were pulled out for each 
region of the seed. The six regions described 
above have been studied in this case also. Bor 
this work a small tuft sprouting exactly on the 
recpiired region was separated by means of a 
needle. Fibres from this region were mounted 
one after anoth'^r -pulled out and the weight 
rerpj ’reel for fhe pull was determined- 

Two seeds of Co. 2 and one of Karunganni 
0. 7 have been examined. Unfortunately the 
work could not be extended to more samples on 
account of various causes. The rebults obtained 
indicate that the strength of attachment of the 
fibre to the seed is greatest at the micropylar 
end, least at the clialazai end and intermediate 
in the other regions, the differences among wliirh 
are not conspicuous. The low sirength at the 
ciinlaza! end may be due to the fact repealed 
in Plate 2 of Moore’s [1941] work. The struc- 
ture of the ceJls at the chalazal end is not quite 
uniform and t!iei*e is comuderable intermiceilar 
space, while in the other region the structure is 
more uniform with a relatively small amount of 
. :i i ej'in ice liar spa ce . 

Discussion- 

Summing up the foregoing it may be stated 
that (1) at the micropylar region the fibres are 


thinly populated, sliort, very mature, have the 
highest fibre weight, standard fibre weigiit, fibre 
diameter, fuzz, diameter aud fibre strength and 
are most firmly atiached to the seed; (2; at the 
ehalazai end tiie iibres are very uensely popu- 
lated, are longer and more immaiiii’L- — consi- 
derably more immature in some cottons — have 
sinaLer fibre weigh per cm., standard fibre 
weight, fibre diameter and fibre sireiigth and are 
less firmly attached to the seed; and (8) at the 
other regions the variations among themseh^es 
do not appear to be conspicuous; generally 
speaking the values lie intermediate between 
those for the two' regions cons'dered above, 
though the}^ approach the values for either of the 
tw^o regions in some cases. 

The probable cause for the variation observed 
ill the different regions may now be considered. 
On this point Balls [1928] says 'No doubt it is 
largely a question of nutrition, dependent upon 
the anatomy of the vascular bundles on the seed- 
coat.’ Talking about the cross-sectional area of 
the fibre he states that 'The proximate causes 
for this variation can be traced to the life history 
of the hair. It depends only slightly upon the 
variations in the orig'nal diameter of the cell. 
Principally it is brought about by the differences 
in the thickening of the secondary vrall.’ The 
present results in the case of the micropylar 
and chalazal ends of the seed indfiate that about 
two-thirds of the weight is accounted for by 
secondary thickening, the rest one-third being 
due to the original cell diameter. Moore’s [1941] 
findings of the venations on the seed-coat and 
of the diffe’’ences in the structure of the cells 
below the ep’dermis in the different regions offer 
a partial exp’^anat’-on. Further critical enquiry 
IS indicatec]. 
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,, STATISTICAL JNWES FOR. AGRICULTim^^^^^ 

. No., 27. CALCULATION OF STANDARD ERRORS 'AND TESTS OF SIGNIFICANCE OF' 

■ ■ DIFFERENT TYRES OF TREATMENT COMPARISONS ' IN SPLIT-PLOT AND 
.STRIP A,RRANGEMENTS OF FIELD EXPER,Oi£NTS 

By K. R. Nair, M. A. , Statistical. Labonito,ry, .Calcutta 

(Receivecl for publication on 29 Deecrnber 194.*]) 

(With two text-figures) 

In agriciiltural field experiments conducted to ^ C b ^ b 

study simnltaneousl}'' tlie effects of variation of ■ ^ 

inorci than one facdor, resea rcli ^vurlcers tind p'rac-' ^ A 

ticnl idifliculties in comj>Ud'ely J'andortiizirig all the ■' ' ’ ^ "■"■■■ j 

timtnients.witliin a single block. To remedy this .; 

operational diffieidty two designs called Split- i 

Plot and Strip Arrangements have been devised | 

which have become quite papular among agriciil- 
tural workers. But from the statistical point c£ 
view of precision of treatmcait comparisons these 

designs suffer from certain drawbacks. Thus, the ^ ^ ^ ^ 

more important ...compa-risons called ' main effects , f i — 

are less precisely estimated than iiiteractions.^ Fig. L One block of a strip arrangement 

Tests of significance of comparisons which 
involve only one of the main efiects or of the in- Table I 

teractions are quite straightforward and reduce ^ ^ 

to ^-test. But sometimes even in foetorial experi- Anaivsis of Strip Arrangements 

ments one may like to compare any two treatment ' ' ' • ' . . ,. . 

com])inations and the calculation of their 

standard errors is a little complicated and . A ariance 

the method is not widely knewm. As a result _ ^ 

many are not aware of the fact that the test of I). F. Ob- ^Vnde 

significance of these comparisons cannot be made served riiiUhyi 

by Student’s jJ-test. It will be showm in the the&i 

note that the Behrens and Fisher's test for which 

Siikhatme [1938] has published ceiivenient tables - — - 

can be applied for certain comparisons and that ^ 2 

there are also comparisons for ■which no exact test * a Vru 

of significance is known. Maiueffectr A . p-i ^ 2 

^ - Error (l) ' . - • F-L \ 

Strip ARRANGEMENT Afain effect: B . g—1 

Let US consider a tw^o factor experiment with (2) * w ^ ^ ^^2 

p variants, of a factor A and g variants I^teraeion. x , , .k Y ^'2 

. . bq of a factor B in all combinations each ; • (r— i) * 

replicated in r blocks. Each block is divided into 

p column strips to which *** ap are assigned at Total . pqr---l 

random ; and divided into q row strips to which ^ — — 

b, . . bq are assigned at random. Such a lay-out . xr .n. * n 

is called a Strip AiTangement. Fig. 1 repre- and ABHG respectivehn I ^ 3 c.s 
sents a to pical block. It will be noted that all the pq plots of size ABHG wer^ alij.m 
there is no free randomization for each treatment related, it is easy to shrnv that Oq—Gi 
combination a,- bj within the block. , ' other ivords the standard errors associa ,e 

Tlie structure of the analysis variance of plot different plot sizes -ylien they are aU reduced tc 
Yields is shown in Table I. A same scale can be the same in only random tu 

'' The standard errors Oo, cr^, Oo, a., are those It is a very wadely Ycrihed fact Hiat adja 
associated with plots of the size and shape re- plots of a field are highly and posi i'\ ey corr . 
presented in Fig, I by AEKD, ABCD, AEFG owing to certain regularity in tertihty yapia 
I , SIS-A 


Fig. 1. One block of a strip arrangement 

Table I 

Analysis of Strip Arramgefnents 

. . Variance, 


•Expresrsed 

under 

riullhypo- 

the&is 


Blocks . . 

Main effect : A 
Error (1) . ■ • 

Main effect : B 
Error (2) . • 

Interaction : A X B 
Error (3) 


iP—l){r-l) 
iq^\) (r-1) 

ip-l) iq-l) 
(r— 1) 


pqr— 1 


and ABHG respectively. If the yields of 
all the pq plots of size ABHG were all nncOT- 
related, it is easy to show that Oo=(7i=_cr2=C3. In 
other, words the standard errors associated with 
different plot sizes w'hen they are all reduced to the 
same scale can bo the same in only random fields. 

It is a very wddely verified fact_ that adjacent 
plots of a field are highly and positively correlated 
owing to certain regularity in fertility variation. 
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^Based on this phenomenon it is possible also to 
build tip an abstract , theory , about the quantita- 
tive behaviour. of these correlations ■ as., has been 
put forward by Mahalaiiobis [1942], who uses 
the term ' conWation function’ to describe this 
relationship. In his theory, all pairs of plots 
at an equal distance may be assumed to give 
one value for the correlation, whatever be the 
direction of the line joining the centres of the two 
plots. By exhaustiBg all pairs of plots situated at 
distance ^2, -• •• we can gat n values of 
correlation, f 2, .... Hotting d and r along 
X and y axes we get a graph of the correlation func- 
tion which may then be suitably graduated. The 
general shape of the correlaUon function with 
which we come across in agricultural field ex- 
periments is shown in Fig. 2. 




Eio. 2. Correlation function for agricultural fields 

The correlation is obviously + 1 at distance 0 
but decreases to 0 as distance between pairs of 
plots increases indefinitely. The correlation never 
becomes negative if sufficient pairs of plots are 
included. 

Having accepted the above form of the corre- 
lation function, it simply follows that and 02 
must be less than oo and greater than <73. The 
difference between Ci and Og mostly depend on 
difference in area between plots ABCD and AEFG, 
that is, on the difference between p and but will 
also be controlled by the ^ differential ’ shape of 
these plots which also depends on p and q. They 
will be very dissimilar in shape if the plot ABHG 
gets narrower in shape. If p ~ the shapes will 
be the most important factor influencing the re- 
lative magnitude of Oi and Og- If' follows from 
the form of the correlation function shown in 
Fig. 2 that narrow plots are less variable among 
themselves than square ones of the same area. 
This is for the obvious reason that in the 
former plots there are proportionately more 
pairs of distant components [or quads as Mahala- 
nobis (1942) calls them] with small correlations 
than in the latter plots. Thus, in our case, ci 


will be greater than og when p=g, if AB is greate 
than AG and wcc 

Whatever be the relative magnitudes of oi, 
<T2 and (J3, it is enough to note that they are not 
likely to be equal. We have to make separate 
estimates of them, namely, the square roots of 
Vi, Table I. The observed variances 

Ya, Yb and Yab for main effects of At of B and 
of interaction A X B respectively should be tested 
against Vg, Vg by the ‘ Eatio of Variance ’ test. 

Besides the above analysis of variance it is 
necessary to make detailed comparisons between 
pairs of treatment combinations of which there 
are three main types namely: 

(i) Comparison between variants of B for a given 
variant of A, Ex. % 6^ — %.&2- 

(ii) Comparison between variants of A for a 
given variant of B, Ex. % h^—a^ 

(Hi) Comparison not included in (^‘) and (ii), 
Ex. ^2- 

These comparisons can be expressed in terms 
of the two main effect comparisons of the 


h <*2) and 


63) and 


interaction comparisons of the type (b^-^b^) 

which are mutually orthogonal and whose stand- 
ard errors depend on Cl, Og and Og respectively . 
To calculate the variance of may 

be denoted by V (ajb ^ — must proceed 
as follows : 


35 (tti 




62) + [(a^-a^) + . 


+(% — (^1-^2) •• • • • • (^) 

It may thus, be noted that a^bi—a^b^ splits 
into two component parts, one involving main 
effect of B and the other the interaction A X B. 
The two parts arj obviously orthogonal and 
therefore * 

pW (ax bi — % b^:=^Y[ (Xdi ) ( 61 — 62 )] + 

— 1 ) a,— osa— ... —Op j. (61—62)] . . (2) 

If the comparisons are estimated on a per plot 
basis from r replications 


35® Y (% 6a — % 62) = ai + 

or Y («! 6rt 62) = f 

Similarly, to calculate the variance of 61- 


or V («! 61— 


« = J- 0 


we have (ax 61 — 61) 
62) + • • + {^1 — ) ] (®i*- 

and q^ Y (Ux bx — % 61) = 


/q 


2 q (q— 1 ) 
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or V (ffli 6 i— da 6 i) = ^ , . ( 6 ) 

Coming now to tlie third t^rpe of comparison, 
namely, — ^2 we ha¥e 

2 b^—a^b^ ~ {c^i + ^2) — ^2) "f* (^1 ^2) 

(^x + ^2) * ' . . . . • • • * (6) 

and 4 V (% b^-a^b^) = V [ {a^+a^} (b^-b,) ]+Y 
[(% — %) (^ 1 +^ 2 )] • • • • • * * • (*^) 

To calculate each of the variances on the r. h. s* 
of(7).:- 

P \ 

p (®i"j“%) (bi — 62)“^ j (bi 62) -f* [ (p 


(^ 1 — ^^ 2 ) + [ (P 


] (bj^ — b^} • * • * 

: S /'■ 

Sp 4 

P^ V [ (%+%) (^1 — &2) ] = 

or V [ (aj+aa) (b^—bs) ] 

__ 4^ 2a2^+(p~-2) a/ j 

Similarly ^ 

V [K-a^) (Sx+fea).] 

In general 

V [ (a +<^ 2 + • • ) (^ 1 — ^ 2 ) ] 

m h a2^+(iW^) ( 73 " 

)Mrf ■ -i- , » » 

t V / 

V [ (bi-\-bs+--- + bn ) (ffli — eta) ] 

2 k /h Cx-\-{q — k) <Sz\ 


4 p (p- 


When k equak p and q respectively, org drops 
out from ( 11 ) and ( 12 ) as it should be. 

Adding (9) and (10) we have 

V («! 6i— tta ^2) 

= ■— {p (Sx+g. ai+(pq—p—q) Us®) • • (13) 

Tests of Significance. Both aj 6^ — 62 ahd 
ax 6 i — Og 61 are quantities whose standard errors 
are measured by estimates of two unequal vari- 
ances and hence not capable of being tested by 
Student’s t. 

Similarly comparisons whose variances are 
given by ( 11 ) and ( 12 ) cannot also be tested by. 
Student’s t unless k=-p in (11) and *=? in (12) in 
which case they reduce to main eifeet comparisons. 
For other values of k we can apply the Behrens 
and Fisher test which Sukhatme [1938] calls (^-test. 
Thus taking ( 11 ), we have 

(ai-i- 02 + • • • + ® {bi—bf) 
d =- (1< ^!<J)) 

^ \k-V^ + {p-k)Yj^ 


and we have to enter Sukhatme’s tables with 
% = (g~l) (f— 1), m 2 - iP—l ) (g— I) (f— 1) and 
6 given by tan 0 = ■\/kV^f{p — k) Vg. 

Similarly for ( 12 ) 


■+b^) (%— aa) 


{l<k<q) 

^ ?q\ I 

with Wi = (p-1) (r — 1), 1) (g— 1) I?*— 1^ 

&ndta,nQ = \/kV^ j (q — k)Vg. 

Tbe assiimpt’on in the d-test is that neither the 
two population vari ifices nor their ratio are known, 
hut in our experiment we have an almost certain 
■ knowledge which of the two variances is greater so ' 
that we can set the boundary for the ratio of 
variance as always lying above 1 . But this in- 
formation is not being utilized by the (f-test. Yates 
[1939] has made a careful study of the {f-test from 
which it appears that by not taking into account 
the a priori knowledge of the range of values 
of the unknown ratio of variances, the proportion 
of samples judged significant will be less than the 
actual level of significance adopted would indicate* 

Coming now to the last t 3 rpe of comparison 
namely, % 6 j — its standard' error involves 
three nnequaJ standard deviations Oi, 0*2 0 »* 

Neither the t nor the d test is applicable to it. 
Since -f* ^ 2 ) (^ 1 — ^ 2 ) ^i^d (^1 ~h ^^ 2 ) 

have to be tested by we can look at ai bi—a^ bt 
as a compound of two d values, just in the same 
way as dJ is a compound of two t values, but there 
is no known method of testing its significance. 

Split-plot ARBAnasMBNT 

If we had split-plot design instead of the above 
strip arrangement, 02 <sz will stand for the 
same standard deviation if the variants of factor 
A occupy the main plots ABCD, etc., and the ^ 
variants of B are perfectly randomized among 9i 
sub-plots, ABHG, etc, of each main plot. The 
effect of any particular variant of B will no longer 
be estimated from compact strips of the type 
AEFG. The new 02 which measures the un- 
controlled fertility variation between plots of the 
type ABHG within main plots of the type ABCD, 
can be estimated with p {q — 1 ) (r — 1 ) degrees of 
freedom by pooling Errors (2) and (3) of Table 
I. The new V 2 ^^^d to test the significance 

of both ¥b and Vab, The variances of the 3 types 
of elementary comparisons considered before can 
be obtained by putting cg = <73 (^)> (^) ^^d (13). 

The\ltered results are 


V (di h-i — esj ^ 2 ) 

V fej % 61) =V (% 

. =K- 


-2a^lr 
-a^ bfi 
- (g-1) 
a f 


rj a7) 
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It is easy to see tliat'% bf—ai can be tested 
by t witli d. f. = p, (f— 1) (r— -1). But aj — % 
bi and ai hi — can. be. tested onty . by tZ test 
for which BiikliatnieC.S' table ,, shoiild be' entered- 
with ni = (p — 1) %2 = P i 

and 6 given by tan 0 — , V Yi ^2, ^2 

being estimated by pooling the Errors (2) and (3) 
of Table L . V’ , ' , 

IN lTM:EE,ICAn EXAMPLE 

.For sake of illustration, I am giving belo'w cer- 


■ tain results taken from the previous Note (No. 26, .■ 
of this series by S. Hedayetullali, S. Sen and K. R, 
Nair. We shall discuss the portion relating to 
varieties and dates of planting only of, the year 
1.937-38, -when we got significant values for the 
interaction, between varieties and dates of planting. 
The mean, yields for each variety and date of 
planting are given in Talfie II -5 figures excepting 
those in the margins being each based on average 
of 9 plots. 


Table II 

Mmri yield of paddy per plot (9 ft. x 20 ft.) in tolas {Dacca Experhnent, 19 87 -S8) 


Yariety' 


Date of planting ■ 

1 July 

16 July 

1 August 

16 August 

1 September 

16 >September 

728-44 

618-22 

584-44 

780-00 

692*22 

576-44 

698-44 

618*44 

549*33 

540*00 

473*33 

451*56 

406-89 

460*67 

406*22 

354*44 
256* 00 
203*55 

643-70 

- 

649-56 

622*07 

481! -41 

424*59 , 

271*33 


The values of observed variances for each main 
effect and the interaction are given in Table 
III. 

Table III 

liesulls of analysis of variance 


D.F. 

Variance 

Ratio 

of 

variance 

Blocks . . . 2 

72258-67 

X 

Ya-rieties . . , 2 • 

210426-89 

5*47 

Error (I) . . 4 

38492-11 

X 

Dates of planting . 5 

617315-36 

25-27t 

Error (II) . . 10 

24433- 10 

X 

Varieties X Dates . 10 

17287-81 

2-55* 

Error (III) . . 20 

6778-20 

X 


584-70 
503 *70 
461*93 


T. OA X A ^ / 24433* 10 

For Ui - 10, % = 20, tan 0 == '\/ 

= 1*80 or 0 = 60° 59' 

the value of d ^ 0 / from Sukhatme’s Tables 
■ is 2 *188 

A difference of 53 -05 x 2 *188 = 116 *07 in the 
yield between tv’o dates foi* a given variety 
should be judged as significant on the 5 per cent 
level. 

Standard error for comparing yields of any two 
varieties for a given date is 

^[■|^38 4fl2.11+5x6 778;2|]_^^,,3 

The smallest value of tabulated in Sukhatme’s 
Tables is 6. But in our case % = 4, = 20 > 


* Indicates significance at 5 per cent point 

f Indicates significance at 1 per cent point 

It wfili be noted tha‘ Error (I) is greater than 
Error (II) and both much greater than Error (III). 
The first error is associated with the varietal strips 
and the second error associated with the strips for 
dates. The former strips are double the latter 
ones in size and hence Error (I) has become greater 
than Error (II). 

Standard error for comparing yields of any two 
dates for a given variety is 

^ /r 2 /S4433* 10+2x6778 *20^ ^ 




*•“ 8 “ V ilSSm - » 9-«' 38'. Tk- 

value of <^5% will be greater than 2*280 
which is the value for Ui — 6, ~ 20 and 0 = 

48°38'. 

In the present experiment the comparisons in 
which we are more interested are those which 
describe the properties of the yield-date curve for 
each variety, which may be graduated by a second 
degree parabola 

2/== A +R^ 3_+ C^2 ~ •* • (13) 

where x = date of |)Ianting and y = mean yield 
per plot. 

The values of the parameters involved in (18) 
are given in Table IV separately for each variety. 
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Table IV 

Values of coefficients of the yield-date curve 


Variety 

j 

, A 

B 

0 

a 



■' J 

584-70 

—89*94 

—12-97 

778-88 

: '' . 0'84 

— 12-97 

2 ■ ' 

503-70 

---67-07 

—18*97 

562*06- 

65- /O' 

—18-97' ■■■' 

■■ ',3 

461-93 

—71*80 

-18-68 

539 -A? 

,58 -98 

. -18-68 


=8-96 ; 


= 6-14. 


Standard errors of B and C are respectively 
given by 

^/|- ^ 2 p4I33 10+2x67 78-2 0j 

and 

, /r 1 /24433-104-2x6778-20\ 1 

VLlsel 3 )J‘ ^ 

The value of^^5% for testing the significance 
of B and 0 is 2 *188. The significant values 
of B and C must be greater than 19 *60 and 13 '43 
respectively. We find that all the 3 values of B 
are highly significant ; and that only the value of 
C got for variety 1, is just insignificant. 

The standard error of the difference between 
any two values of B and any two values of C are 
given respectively by . 

' S / Q-t X 6778 • 20 = 9 • 28 and 


>x36 

■35 


l68 


X 6778 -20 


These differences can be tested by <5. Values of . 
tr)%ioT 20 degrees of freedom is 2>()86. ./The 
critical differen ces for tlie ' B’.s and for the O’s 
are 19-36 and 13*25 respectively. We find,, that 
the quadratic coefficients do not differ signifi- 
cantly but linear coefficients for varieties 1 and 2 
are significantly different. 

In conclusion, my thanks are due to Mr S. Raja 
Rao for help in the numerical work. 
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DETEEMINATION OE SODIUM BENZOATE IN PRESERVED CITRUS 
j JUICES AND SQUASHES 

: By Sheb Singh Mangat, M. Sc., Assistant Fruit Biochemist, Fruit Preservation Laboratories, 

Punjab Agricultural College and Research Institute, Lyallpur 
(Received for publication on 21 June 1944) 

; (With one text-figure) " 

r Sodium Benzoate is one of the preservatives saturated salt solution. The residue is allowed to 

I commonly used in the preservation of juices and settle and the clear extract filtered. The filtrate 

1 squashes. Its determination is consequently of is acidified and extracted with chloroform in a 

great importance in the analysis of these products, separating funnel to get the benzoic acid which is 

A concentration of a thousand parts per million determined by titration against standard alkali, 

is permitted: but in practice, specially if used in after evaporating the solvent. In practice this 

I combination with sulphur dioxide, it is seldom in method was found to give too low results, which 

: excess of 500 p.p.m. In the course of determina- did not agree between themselves. For example, 

^ tioH' of this preservative in some samples of citrus the samples mentioned above were supposed to 

i; juices and squashes, sent to this laboratory by a contain 500 to 600 p.p.m. But the results in 

leading firm of manufacturers, it was found that several replicates varied from 40 to 400 p.p.m. 

determination in concentrations of the order men- To ascertain wdiether any appreciable amount of 

f tioned is not as accurate as would be desired for the sodium salt is absorbed on the fruit cells, even 

■ the purpose in view. in alkaline solution, a 100 gm. sample of orahge 

i In the official A.O.A.C. method [1940] the sample juice containing 890 p.p.m. of benzoic acid was 

I is made alkaline to litmus and extracted with thoroughly ground with sand, salt being added at 
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tlae same time to saturate it, as directed in the 
A.O.A.C. method. This sample gave only 
396 p.p.m. In case of ungroxmd sample the re- 
covery was 320 p.p-m. The residue left on the 
filter paper in the latter case was ground with sand 
and washed with 150 c.c. water; but only an equi- 
valent of 37 p.p.m. of benzoic acid was recovered 
from the filtrate. It is, therefore clear that the 
A.O.A.C. method is not suitable for the determina- 
tion of benzoic acid used as a preservative in citrus 
juices and squashes. Other methods to which 
reference may be made are those of liiing [1932] 
and Mix [1939]. These depend on the volatility 
of benzoic acid in boiling acid solutions. But, 
on his own showing, Mix found a high variation 
(“f 16 per cent to — ^ per cent) even in water solu- 
tions of sodium benzoate. The extraction is far 
more complicated in case of fruit juices and 
squashes when sugar and fruit cells are present in 
the mixture. 




zt ram,. Outside Diu» 
fi.5 mm. Inside 
SaraJjl© 


Chiorofor 


A modified extraction method was, therefore, 
tried in which the apparatus shown in Fig. 1 was 


used. This apparatus is suitable for extracting 
100 c.c. of the sample. It can be held in two 
clamps mounted on the same stand, thus facilitat- 
ing removal from and to the water bath. The 
apparatus is charged with chloroform and 100 
c.c. of sample acidified with 3 c.c. of strong hydro- 
chloric acid are introduced into the inner tube 
through the long stemmed funnel. The chloro- 
form rises into the outer jacket and some falls into 
the boiling flask. If necessary, more chloroform 
may be added through the same funnel. The 
reflux condenser is now fitted and the flask kept 
for boiling on a water bath. The boiling should be 
brisk so that the falling drops serve to shake the 
sample. If, as often happens, the fruit cells settle 
into a solid mass, this should be broken up once or 
twice with a long thin glass rod with a flattened 
end. As regards time of extraction it was found 
that two hours are not siijSicient. Four and eight 
hours gave almost similar results and four hours 
are therefore recommended. The chloroform 
column below the sample should be at least 8 cm. 
long, otherwise there is risk of some droplets of the 
emulsion being carried to the boiling flask. At the 
end of the extraction the apparatus is taken off the 
water bath, cooled and the boiling flask removed. 
The sample is removed by suction through a long 
thin glass tube and the apparatus is ready for 
another extraction. The extract in the boiling 
flask is transferred to a separating funnel and 
washed with a little water, the flask 'and washing 
water being again washed with two portions of 
5-10 c.c. chloroform. The chloroform solution 
and washings are collected in a flask and the solvent 
recovered by distillation till about 16 c.c. of the 
solution is left in the flask. This is transferred 
to a glass dish and , the flask washed with 
10 c.c. chloroform in two portions and the dish 
allowed to lie under a fan to evaporate the solvent. 
The residual benzoic acid is dissolved in neutral 
alcohol (85-90 per cent) and titrated with stand- 
ard alkali, using phenelphthalein as indicator. 

To test the accuracy of the method a sample of 
orange juice was separated into lots in which 
different amounts of sodium benzoate were added, 
Besults of the replicate determinations of these 
samples are given in Table I. 

Some of these juice samples and two samples of 
orange squash were analysed by both methods. 
The results in Table I show that whereas the 
A.O.A.C. method gives very low results, the 
method recommended gives only a slight variation. 
Statistical analysis of the results showed that the 
variation was not significant, and that the accu- 
racy is unaffected by the change of concentration 
from 45 to 1800 p.p.m., the reaction being non- 
significaut, 
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S.No. 

Description of sample 

m, of 
replica- 
tions 

Sodium 
mg. p€ 

(p.p.i 

' Taken 

benzoate . 

>r litre 
n.) 

Found 

(average) 

1 

Method used 

1 

Prepared in the laboratory by adding known 

2 

44 

39 

New method 


amounts of sodium benzoate to fresh orange 






juice 





2 

Ditto. 

3 

89 

79 

Do. ■■ 

3 

Ditto. 

4 

178 

177 

Do. 

4 

Ditto. 

2 

267 

300 

Do. 

5 

Ditto. 

3 

356 

380 

Do, 

6 

Ditto. 

6 

445 j 

462 

Do, 

7 

Ditto. 

2 

535 ; 

523 

Do. 

8 

Ditto 

3 

668 

627 

Do. 

9 

Ditto, 

4 

713 

712 

Do. 

10 

Ditto 

3 

890 

914 

Do. 

11 

Ditto. 

2 

1340 

1335 

Do. 

12 

Ditto. 

2 

1780 

1687 

Do. 

13 

Ditto. 

2 

1780 

1082 

A.o.A.a 

14 

Ditto. 

2 

890 

320 

Do. 

15 

‘A’ orange squash received from firm of manu- 

2 



352 

Do. 


facturers 






16 

B » >» >9 • j 

2 


500 to 600 

324 

Do. 

17 

<A» i 

A 99 » » » ■ • j 

2 



540 

New method 

18 

‘B* ff t9 9> 9f • 1 

2 ^ 



604 

Do. 
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STANDARDIZATION OF CURRY powders 
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Anadysts of several samples of curiy powders> 
receive al in these ial^oratories from tiie Supply 
Dopartmcnit, showed that good deal of jmecdse 
information on granularity, chemical standards 
and bacterial standards vras necessary since 
geiioiTil methods used in their preparation are very* 
empirical. .-It was, boiyever, recognized that rigid 
standards cannot be fixed unless extensive investi- 
gations w'ere undertaken on condiments growni in 
different localities. Nevertheless, a fe^v samples 
were analysed and have ykdded interesting pre- 
liminary results. These results are presented 
under three heads , viz . (a) Physical test of graiuil- 
arity, (b) Chemical analysis, and (c) Micro-biolo- 
gical analysis. 

Material , AND, -MiETH OPS' 

Six different samples of curry powders were 
obtained from different firms and were claimed 
by them to conform to the followdng recipe : 

Parts 

(1) Tunneric . . . . . 40 

(2) Mustard . ... . 5 

(3) Coriandor . . ... . 20 

(4) Pepper (black) . . , . 5 " 

(5) Chillies . . . . . 10 

(6) Common salt , . . . 3 

(7) Cimiin seeds . . . . 5 

(8) Cloves . . . . . 2 

(9) Cmnarnon . . . . . 5 

(10) Ginger . . , . . 5 

In addition to these six samples, a sample ivas 
prepared in the Labor ator}^ and will be referred 
to in the text as ‘Ls.’ 

Methods used in the analyses except in the case 
of physical test of granularity Avere standard 
methods [A. 0. A. C., 1940 ; Tanner, 1932]. In 
the case of the granularity test, a modification of 
the technique used for cereal flours [Sterckx, 
1939] was employed with success and will be 
described in detail under that head. 

Experiments and results 
A . Physical test of granularity 

Two methiKls are usually employed for deter- 
mination of the degree of granularity in cereal 
flours, (a) the sieving test, and (b) the sedimenta- 
tion test. The former is essentially a compa,rative 
test and especially in the case of curry powders 
presents a serious difficulty in that the substance 
chokes the bolting silks due to a high oil content, 
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The latter , method lias. been suggested, by Sterckx 
[1939] wherein flour is suspended in a mixture of 
petpoleum ether (4T^ — fiO'^’C. boiling ^^point) 90 per 
cent and acetone 10 per cent 'and the .mixture 
poured into a burette of _ stated dimensions con- ' 
taining the same liquid. The particles sink and 
stratify in different layers. Sterckx sums up 
by sarong ' the method is open to considerable 
amount of experimental error when used by 
different operators h This sedimentation method 
has been tried here in the case of curry powders 
with a few modifications. A 5 gm. samiAe of the 
curry pow^der contained in a shallow porcelain 
dish was suspended in about 10 c.c. of petroleum 
ether and acetone mixture (as given above) and 
quickty poured into an ordinary 50 e.e. (1/10 c.c.) 
burette containing a column of mercury in the 
bottom up to the 40 c.c. mark. The rest of the 
powder adhering to the dish was also washed dowm 
the burette with a fine jot of the mixture from a 
wash bottle. More of the mixture was poured 
into the burette till the level rose up to 0*0 c.c. 
The burette was left undisturbed for about an 
hour after which the reading in c.c. was taken of 
the different layers occupied b}^ the different par- 
ticles of powder. The line of demarcation between 
particles of different sizes was particularly clear 
between the ‘coarse’ and the ‘fine particles’, 
although with a little experience it was not. diffi- 
cult to distinguish between very coarse, coarse, 
fine and very fine particles. However, the result 
obtained in these experiments seem to be very 
consistent if viewed as to categories, viz. ‘ coarse ’ 
and ‘fine’. 

The use of a column of mercury as done hero 
seems to be beneficial, firstly in that the particles 
are kept in a form of agitation as soon as thej^ are 
pc ured in and net allowed to quickly settle down as 
happens in the case where no mercury is used and 
it is obvious that a • speedy sedimentation of the 
coarse partMes would influence that of the fine 
ones ; secondly the minis cus of the mercury j)er- 
mits of accurate reading of the burette. It may bo 
emphasized that three precautions are necessary 
for consistent results ; firstly, tlie quick transfer- 
ence of the mixture and powder into the burette r 
secondly the need for a burette with very cleo.n 
wails and la>stly, the temperature of the room should 
be far below that of the boiling point of the 
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petroleum-etlier, otherwise la..rge bubbles of air 
appear in the settling hiyers and adverse^ affect 
the result. 

The ' results obtoiiicd .with seven panixeles -'of 

,1 ' ourrj^ powders are presented in Table I. , 

The results seem to permit of the folio wliig qon- 
' elusions when 5 gm. sainploB, were, used , for the 
test. 

; (a) Coarse and . very, coarse particles , should 

I have sedimentations volumes not less than ' 5‘€0 
c.c. and not more than 7 -00 c.c. ' 

(b) Fine and very fine |)articles should have 
f.ediinentation volumes net less than 3 *00 c.c. and 

I ' not more than 4*00 c.,c. 

(c) The total yol iime o ccupied by any one sample 
should not exceed 10 c.c. 

I Sample No. 6 is definitely very coarse and does 

net conform to these standards. Siniilariy sample 
NTo. 3 has more of coarse and less of fine 
..particles* ■ ' 


Table I 


Gmmdarihj test of ewrry jKAtders 





Sedimeiifatiorji 


'No. of 

Total No. 

volumes in c.c. , 

Sample 

gm. of 

of c.c. 

occupied by the 

No. 

sample 

occupied 

diffor.‘nt: 

strata of 


used for 
the test 

by sarn}')Io 
ill burette 

sample 


^ Coarse 

‘ Fine 



■ 



particles ’ 

particles ’ 

1 

5*0 ■ ’ 

9*85 

0*25 

3*00 

2 

5*0 1 

9*75 

0*(M) 

S-75 

3 

5-0 i 

10* 15 

7*55 

2*00 

4 

5*0 

9* 20 

5 • 55 

3* 05 

5 

5*0 

9* 85 

0 * 75 

3* 10 

6 

5*0 

15* 10 

10*55 1 

4* 55 

Ls* 

5*0 

8* 80 

■5*00 : 

3*80 


*Ls islands for Laboratory prepared sample 


Table II 

Chemical analyses of curry powder 


Sample 

No. 

Mois-: 
ture 
per cent 

Total 

ash 

per cent 

Ash 
soluble 
in HCl 
per 
cent 

Ash 

insoluble 
in HCl 
per 
cent 

Alkalinity 

1 of ash 
as c. c. of 
N/IO 

HCl reqd. 
for asli of 
100 gm. 

Cold 

water 

extract 

per 

cent 

Alcoholic 

extract 

per 

cent 

Volatile 

ether 

extract 

per 

cent 

■Non- 
volatile 
ether 
extract 
per cent 

Crude 

fibre 

per 

cent 

Nitrogen 

per 

cent 

Nx 
6*25 
per 
. cent 
protien 

' ^ XaCl 
per 
'cent,,. 

1 

7-58 

10*20 

9*68 

0*58 ■ 

70*00 

24-12 

19*46 

4*09 

11-91 

9*21 

1-00 

10*00 

6*13 

. 2 

5*76 

9*01 

' 8*24 1 

0*77 

i 79*00 

1 19*01 

18*90 

3*95 

12*82 

11*20 

1*76 

11*00 

3*86 

3 

4-97 

It* 26 

9*43 1 

1*83 

91*00 

20*09 

14*84 

3*62 

12*41 

11-20 

1*38 

.,8-62 

4*38 

:4 . ^ 

7*26 : 

21*48 

20*16 

. 1*32 

81*00 

27*61 

19*12 

4*76 

7*16 

7*30 

1-45 ■ 

9*06 

14*88 

5 

7*89 1 

[.' ■6*94 

6*99 

0*95 

95*00 

11*49 

10*70 

4*57 

11*.3S, 

11*86 

1-51 

9*45. 

1*75 

6 

13*58 

'■ 4*72 ■' 

4, •02 

0 * 50 

94*00 

26* 10 

9*40 

2*36 

7*69 

12*67 

.1*72 

10*76 

0*70 

Is* 

'7*00 

8*68 

8*06 

0*62 

82*00 

16*05 

15*62 

2*56 

12*90 

10*05 

1*47 

0*19 

3*50 


*Ls sample prepared in the Laboratory 


B. Chemical analysis 

The number of samples chemically examined 
are small and not much attempt will be made to 
draw general conclusions. NTonethelcss, it could 
be seen from Table II that the total ash figure 
in sample 4 is l;.igh and is duo to the abnormally 
high value of sodium cliloride. Ss.niplo 6 sla^ws a 
rather high perc(Uitagc of ash insoluble in HCl 
as compart'd with th.e otluvs. Samples 5 o-nd 6 
are mther low in sodium chloride, Sauiple ‘ Ls ’ 
(prepared in tlic ]a])oratcry) a])p(.'ars to be one of 
tluj b'cst samph's, as also ISTos. 1 and 2, althougii 
ISTo. 1 lias a ratlur liigli sediimi el-Jcride figure. 

C. Micro-biological analysis 

Condimrnts tlia.t make up curry pc-wder' are 
bound to have a mixed flora of organisms, but it 


•was thought that some idea should be obtained by 
conducting the analysis. Standard methods have 
been used [Tanner, 1932] and the bacterial 
numbcLs presented in Table III were as ascer- 
tained by tlic agar plate method .(using 1-0 
per cent malt agar) astd also checked by counts 
made with Thoma’s Hataiiacytomcter. ’No at ^empt 
was mad»e to identify tlici organisms. Ail the 
organisms belong to i.he e-orobic group and more 
often tliiui ne t sliowcd plemnorplusm. Fermen- 
tation 0 ‘f 1*0 per cent malt solution at 27^C. 
resulted in gas production. 33nt viion tim curry 
pjowder was boiled in %v<it<r f.T 5 min. it gave 
3iogativc results (Taldo TIT). Since curry powder 
is usually consumed after cooking this procedure 
was, adopted to ascertain the resistance of the 
organisms to boiling treatment. An interesting 
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Table III 

MidroMological analysis of curry powders 


No. of 
sami^le 


' No. ■ of bacteria 
^ per gram of 
'Sample 


No. in ^o* 
fresli , sample 2 

sample months old 


400,000 : 


64,500 

165,000 


320,000 100,000 


160,000 


of 

Fermentation test in 1*0 
per cent Malt solution at 
37°0 .of 


bacteria 

Fresh sample 

After boiling 
in water 
for 5 min. 

Mould fragments 

Short rods and coc- 

Positive 

Negative 

Totally absent 

CHS forms 




Few rods and mostly 
coccus forms 

Do. 

#■ 

Do. 

Do. 

Short rods, spore- 
formers 

Do. 

Do. 

Few fragments seen. Num- 
ber as counted by cyto- 
meter not more than 20 
per gram of sample. 

1 Do. 

Do. 

Do. 

Totally absent 

Short thick rods, pro- 

Do. 

Do. 

Do. 

fuse spore-formers 

Do. 

i 


Do. 

1 Do. 

Do. 

Do. 

Do. 

Do, , . 

Do. 


*Ls sample prepared in the Laboratory 


change in the initial flora was seen when bacterial 
counts were made after two months storage of the 
curry (Table III). In all the samples 

analysed the number of viable colonies was re- 
duced by at least two thirds. This gradual tall 
of the microbial numbers has been noticed in the 
oases of dried vegetables and fruits [Tanner, 1932] 
where the moisture content was below 10 *0 per 
cent. In Table II> moisture content of aH the seven 
samples analysed, with the exception of sample 6> 
is below 10 *0 per cent. Gurry powders and other 
condiments have a low moisture content and in 
addition present an unfavourable growth medium 
for microbial activity as compared with dried 
vegetables and frxiits. It can be observed that 
the bacterial counts in these samples are well . 
within the maximum standards set up for Barley 
malt, Rye malt and many other cereals [Tanner, 
1932] and since curry pcTwders are usually cooked 
with vegetables their microbial flora presents no 
serious difficulty and does not affect the safety of 
the product for human consumption. 

SXJMHABY 


1. Seven samples of curry powders have been 
analysed physically (for granularity), chemically 
and micro-biologically. 

2. A modification of the granularity test used in 
cereals by sedimentation of known weight of the 
powders in a burette containing a mixture of 
petroleum ether and acetone has been evolved. A 
fairly dependable stratification of partiolek of 
different sizes has resulted and the limitation of 
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coarse versus fine particles for a good sample is 
given. 

3. Chemical analyses have shown that percentage 
of total ash rises in a sample with high sodium 
chloride figure. Other figures for moisture, volatile 
extract, crude fibre, etc. have been determined in 
all the seven samples analysed. 

4. Micro-biological analyses showed a mixed 
bacterial flora and the counts taken after two 
months’ storage showed a marked fall in numbers 
over that present in the fresh sample. The 
bacterial counts recorded are well within the stand- 
ard limits fixed for Barley malt, Rye malt and 
other cereals. 


errata 




For the remarks in til, e last, colu^ Table III on page 636 oftlie December 1943 
Indian Joiirnal of Agricultural Science substitute as follows : 


Methods 


'Sweeping 


Counting 


Fumigation 


Year 

Remarks 

'1937 

. L. S. S., 4F. 43F, lOOF, K25 

1938 

. Jubilee, L. S. S., 4F, 43F, lOOF, K. 25 

1939 

4F, L. S.^., lOOF, 43F, 124F, K. 25 

1940 

. 4F, A. C. 31, 43F, L. S. S., 186F, K. 26, 126F 

1941 

. 199F, 148F, 43F., L- S. S., 4F, 124F, K. 25 

V 

'1937 

. L. S. S.. 4F, 43F, lOOF, K. 25 

1938 

. Jubilee, L. S. S., 4F, 43F, lOOF, K. 25 

^ 1939 

. 4F, L. S. S., lOOF, 43F, 124F, K. 25 

1940 

. 4F, L. S. S., 43F, 186F, A. C. 31, 126F, K. 25 

1941 

, 148F, 43F, 199F, L. S. S., 4F, 124F, K. 25 

r 1937 

. L. S. S., 4F, 43F, lOOF, K. 25 

-[1938 

. Jubilee, L. S. S., 4F, 43F, lOOF, K. 25 


Mo. of the 
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ORIGINAL ARTICLES 

STU-blFS IN THE PERIODIC PARTIAL FAILURES OF TH E PUNJAB-ASIERICAN 

COTTONS IN THE PUNJAB 

XIII. MANURING OF COTTON* 

• By DASTURf and Sucha Sincih, Piinjal) .Agriciiltoral College, Lyallpur. 

(Received for piiblka Mon on 23 November 1943) 

(With Plate XI) 


Manuring of cotton as of other crops is one of 
the basic problems in agriculture and forms an 
important part in any programme for crop iim 
provement. Previous woih done in the Punjab 
revealed that applicatioris'of phosphate and potash 
to cotton .proved ineffective while the response 
to nitrogen varied from place to place and season 
to season [Vaidyanathan, 1934, and Dept, of 
Agriculture, Punjab, 1936]. In certain cases the 
response was spectacular, in others meagre. These 
findings were important iniismuch as they sug- 
gested the elimination of the two major nutrients, 
phosphates and potash, from any manurial pro- 
gramme, but they were of restricted value as no 
definite conclusion could be arrived at with 
respect to nitrogen application as a general prac- 
tice. The causes for the variations in the iitilit)’^ 
of ixitrogenous manures ought to be explained 
before they could be recommended for wide 
adoption. 

The low nitrogen status of the soils in India 
gave Crowther [1939] the impression of great 
prospects of the use of the sulphate of ammonia 
in this country. Experience in the Punjab has, 
however, showm that low nitrogen content of the 
soil is not always attended with high response to 
this fertiliser in case of cotton. The success or 
the failure of maliuring depends not only on the 
knowledge of the nutrient limiting but also on the 
controlling influence of the other factors associat- 
ed with it. These factors may be different in the 
different countries and hence require independent 
study. 

It has already been pointed out [Dastiir, 1941] 
that deficiency of nitrogen produces symp- 
toms in the Pun jab- American cottons on light 
sandy soils. The effect of nitrogen application 


The investigations described in this paper were carried 
out in the Punjab Physiological (Cotton Failure) Scheine 
financed jointly by the Indian Central Cotton Committee and 
the Punjab Government 

f Formerly Professor of Botany, Royal Institute of 
Science, Bombay 


as sulphate of ammonia, in combination with 
varying levels of other factors, was tliereforc 
studied on the different soil types, in a large 
number of complex experiments conducted during 
1937-1942 in the course of timk investigations. 
The results of some of the experiments showing 
the effect of nitrogen on tire various phases of 
plant activity on light sandy soils have since been 
reported [Dastur and Miilditar Singh, 1943, 1944]. 
The present contribution is devoted to a concise 
account of the practical aspects of cotton manur- 
ing based on the results of the numerous experi- 
ments distributed over the important American- 
cotton growing tracts of the province. 

Investigation , 

In all about 40 replicated field trials on lands 
representing different soil conditions were con- 
ducted. Nearly 60 per cent of them were carried, 
out on the Departmental Agricultural farms and 
the rest at private estates. The experiments 
were mainly of the multiple-factor type. Solving 
date as a factor was introduced in bulk of the 
trials as preliminary studies had shown this 
factor to greatly influence the yield and the boll 
opening of cotton. A feiy experiments also in- 
cluded spacing types. The relation of nitrogen 
with other factors such as variety, watering, phos- 
phorus, potash, etc. was also explored. Some 
experiments also provided information as to the 
time of application, the levels, and the forms of 
nitrogen. 

Relevant information pertaining to the indi- 
vidual experiments and tlie nature of the soil 
under them is consolidated' in Table I (A and 
B). In meqority of cases, soil samples were 
taken before the experiments were laid out and 
v’ere later analysed to determine the nature of 
soil conditions. In a few cases, however, the 
characteristic symptoms of tlic plants and the 
texture of the surface soil liroadiy indicated the 
soil type. , 
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Tlie yields of the control and the manured plots, 
averaged over all levels of the remaining factors, 
and the mean response to nitrogen along with 
appropriate standard errors are also given in the 
last three columns of the table. The experiments 
have been grouped according as ; (A) the increase 


in yield with nitrogen was high or medium and 
definitely profitable, (B) the response was low or 
nil involving monetary loss. The price of the 
sulphate of ammonia has been taken at its pre-war 
rate of Es. 6 per maund (82-2 lb.) and that of seed 
cotton at its lowest value of Bs. 7 per maund. 


Table I (A) 


Experiments in which the response to the sulphate of ammonia was high and profitable 


Ixpt. 

Ko. 

Sfcafcion 

Year 

Soil type 

Previous 

crop 

Factors studied in 
addition to 
nitrogen 

Dose of sulphate of 
ammonia with time 
of application 

Yield of 
kapas in 
maunda 
per acre 

Eesponse 

over 

control 

S. E. of 
response 

.. , : 1 

Lyallpur Agricul- 
tural Farm 

1637 

Light sandy - 

Fallow 

Phosphorus, po- 
tash, F.y.M., 

C ontrol . 

§ md. at sowing + 

19-2.5 

22*74 

3-49** 

0-55 





watering 

\Vi md. at flowering 

12-86 



■■ 2 ' 

Ditto. . . 

1938 

Ditto. . 

Oilseeds 

Phosphorus, po- 

Control 

8-10**^ 

1-03 


tash, watering 

3 md. at sowing 

20-96 






3 md, at flowering . 

22-11 

9-25** 








3 md. at sowing -f 3 

25.82 ■ 









md. at flowering. 

7-94 



2 

Ditto. 

1939 

Ditto . 


Sowing date, 

Control . 






spacing, water- 
ing 

3 rad. at flowering . 

13-95 

0-49 




4 

Ditto. 


.Light sandy with 


Sowing date, orga- 

■ Control 

4'Sl 

3'10** 




alkaline subsoil 


riic manures 

li rad. at Sowing *f 

1 j md. at flowering. 

7*09 

0.88 



6 

Ditto. 


Light sandy with 


Phosphorus and 

Control . 

9-94 





mediumiy saline 


potash, sowing 

md. at flowering. 

13-26 

3-32®* 

0-33 




subsoil 


date, variety, 
spacing 


8-62 



6 

Ditto. 

1940 

Light sandy with 


Sowing date, 

Control . 


1-10 



alkali patches . 


variety, time of . 

1 md. . 

9-52 

1-00 






application 

2 md. . . 

11-34 

2-82* 





' ■■ 


3 md. . . 

* 13-27 

4-76** 


7 

Ditto. 

1941 

Light sandy 


Sowing date, 

Control 

16-89 


0-46 




variety, spacing 

8 md. at sowing 

22-25 

5-36** 







3 md. at flowering . 

22-14 

5-25** 


8 

Ditto. . 


Ditto. . 

Wheat 

Sowing date, 

variety, water- 
ing 

Control . 

3 md. at flowering . 

9-87 

18-44 

8-57** 

0-25 

9 

Ditto. 


Ditto. 

Oilseeds 

Control . 

17-63 


0-80 





3 md. at sowing 

25-21 

7-58** 








6 md. at sowing 

25-31 

7-68** 


10 

Ditto. 

1942 

Ditto. 


F.y.M., molasses 

Control . 

16-58 


0-46 



t ' ■ 


S md. at flowering . 

18-68 

3-10** 


11 

Ditto.' . 


Ditto. . 


Sowing date 

Control . 

7-64 


0-65 




2 md. at sowing 

10-58 

2-94** 








4 md. at sowing 

12-27 

4-63** 




. 

1 ' ' 



2 md. at flowering . 

10-48 

2-84** 




1 




4 md. at flowering . 

12-54 

4-90** 


12 

; Sargodba Ivew 

1940 

Light sandy with 


Sowing date, 

Control . . 

8-52 


0*53 

S eed Farm 


saline subsoil 


variety, water- 
ing 

Sowing date, 

2 md. at flowering. 

10-53 

2-01** 


18 

Ditto. 

1041 

Ditto. 

33 

Control . 

9-36 


0-57 





variety 

2 md. at flowering . 

12-26 

2-90**., 


14 

Abdul Hakim 

1939 

Light sandy soil 

Cotton 

Sowing date, 

Control ... 

9-55 


0-41 

(Multan) 


with saline 

patches 

Light sandy 


variety, water- 
ing 

Sowing date. 

2 md. at flowering . 

14-34 

4-79** 


15 

Multan Agri. Farm 

1941 

Wheat 

Control . 

9-50 


0-S4 . 




variety, spacing 

2 md. at flowering . 

15-00 

5-.50** 


16 

B. C. G. A. Farm, 

1942 

Light sandy with 

Cotton 

Phosphorus, po- 

Control . 

17-05 


0-55 

Khanewal (Mul- 


saline subsoil 


tash, sowing 

2 md. at flowering . 

19-15 

2-10** 



tan) 


and ^alar 

patches 


date 

Sowing date, 





27 

S. B. S. Ujjal 


Light sandy with 

Gram 

Control . 

8-82 

1-58** 

0*49 


Bingls’s Farm, 


saline subsoil 

following 

variety 

2 md. at sowing 

10-40 

3-16** 



Mian Channii 



reclama- 

2 md, at flowering , 

11-98 




(Multan) 



tion by 









rice 






18 

Conyillepur Farm 

1940 

Ditto. 

Gram, 

Sowing date, 

Control . 

14-03 




(Montgomery) 



Berseem, 

Wheat 

Cotton 

variety 

2 md. at flowering . 

16-84 

2-81** 

0-57 

19 

Military Farm, 

1942 

Ditto. 

Phosphorus, po- 

Control . 

11-84 




Okara (Montgo- 
mery) 

Iqbalnagar Estate 




tash, sowing 

date 

Sowing date, 

2 md. at flowering . 

15-17 

8-33** 

0 39 

80 

93 

Light sandy 

f t ■■ 

Control . 

15^59 




(Montgomery) 


variety, orga- 

3 md. at flowering . 

18-38 

8-24** 

0-07 






nic manures 
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Table 1(B) 

Experiments in which the response to sulphite of ammonia ivas lore hvolvrnri uimiclari/ Joss 


Expt. 

No. 

Station 

Year 

21 

Ly«allpur Agricul- 
tural Farm 

1937 

22 

i 

Ditto. 

1938 

i 

' 23 

Ditto. 



Ditto. 

1939 

1 ' 

Ditto. 


26 

Ditto. 

1941 

27 

Ditto. 

1042 

" 1, 

Ditto. 

- 

SO 

Pirmahal. 680/21 
Chak (LY?) , 

1939 

80 

Brucepur Farm 
(By allpur) 

1940 

SI 

B. C. G. A. Farm, 
Khanewal (Mul- 
tan) 

1939 

32 

Ditto. 

1940 

[ , ,S3' 

Ditto. 

1941 

^ 84 

Military Farm, 
Okara (Montgo- 
.mery) 

1939 

35 

Ditto. 

1941 

86 

Montgomery (Chak 
90/9L) 

. 1989 

37 

1 

Montgomery Agri- 
cultural Farm 



Year ’ Soil type 


saline subsoil 


1938 Ditto. 


saline subsoil 


Previous 

crop 

Factors studied 
in addition to 
nitrogen 

1 Dose of sulTdi.'it.c of 
ammonia arid t'.o 
time of appilcation 

j Yield of 
kuprm in 
mauads 
]>fr ae-re 

llespoiise 

over 

Cl !lit Ifil 

1 B. E. Of, 
response 

Oilseeds 


Control . 

3 md. after sowing 

4- 17 

5- 03 

0-SCI 

0-90', 

Cotton 

Potash, presow-- 
ing watering, 
organic manures 

Control . . , 

f 1| md. before sow- 
< ing 4 - 3 md. at 
i. flowering 

7-64 

11-25 

■ ■ 3-61* 

1-ra, 

Fallow 

Sowing date, 

organic manures 

Control . . . 

3 md. at .sowing 

21-|1 

1-75' 

,' 2-16"' 


Cotton Organic manures ■ 

I 1* md. at sowing 4- 
■s 1^ rnd. at flower- 
l ing 


I’allow Sowing date, *- 

watering soac- ^ lowering . 
ing 

Cotton Pliospliorns, po- V ^ . • 


Sowing date Control 


saline subsoil 


Organic manures 


saline sulisoil gram 


saline subsoil 
and kalar 
patches 


Mlow, Sowing date, 


5 md. at flowering 


Wlieat Sowing date, -T 

variety, water- " flowering 

ing 


Highly saline sub- 
soil with patch- 
es of kdar I 


4- 01 

5- 10 X-09 


l.'bS2 

13'41 ■ — 0-41 


2i md. at floB^ering. 22-89 


3 md, at flowering . ' 15-68 


rad. at flowering . I , 10-77 


Control . 

2 md. at flowering . 


variety, w'ater- 2 md. at flowering . 15-67 

ing 


1-48 • 

1-68 0-20* 


13-35 

,,15*1.3 1-78* 


Fallow 

Phosphorus, po- 
tash, sowing 
date 

Control 

2 md. at flowering 

6-57 

7'4() 

Toria, 

gram, 

berseem 

Sowing date, 

watering 

Control 

1*9 md. at flowering 

4*36 

4*94 

Cotton 

Phosphorus, po- 
tash, sowing 
date 

Control. 

2 md. at flowering . 

9*20 

10-69 

” 

Sowing date, 

watering, varie- 
ty 

Control 

2 md, at flow*eriiig 

7*08 

7-95 


Sowing date, 

watering 

Control . 

S md. at flowering . 

,.l-32.:‘ 

1*42 j 
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A study of the results given in Table I (A & B) 
will show that the response to manuring with 
sulphate of ammonia on yield was high and 
profitable in 20 experiments while it was low and 
unprofitable in the remaining 17 experiments. 
Thus chances for the success and the failure of 
manuring cotton in the Punjab were found to 
^ be nearly equal. 

It could also be seen from Table I that the 
increase in yield obtained by the application of a 
unit dose of sulphate of ammonia was not govenied 
by the general yielding capacity of a field. Fields 
producing as low' as*l to 5 md. of kapOrS per acre 
have either not responded to manuring or have 
given a low response (Exp ts. 21, 24, 29, SI, 33, 
34, 37), while fields with a higher yielding capacity 
have been found to give high and profitable 
returns with the application of sulphate of ammo- 
nia (Expts. 2, 3, 7, 8, 9, 14, 15). Thus the ^ level 
of yield in a field was no index for manuring of 
cotton in the Punjab. It indicated that soil 
factors other than nitrogen status of the soil 
operated in determining the response to manuring. 
The investigations carried out in the Punjab 
Physiological (Cotton Failure) Scheme have made 
it possible to distinguish the soil conditions where 
manuring wmuld be profitable and where it would 
involve monetary loss. 

Soil conditions 

A study of the soil in several parts of the Punjab 
in relation to the effect produced by the sulphate 
of ammonia on the growth and yield of cotton 
revealed that on light sandy soils free from sub- 
soil salinity or alkalinity a very heavy response 
to manuring was obtained. The . response was 
particularly high if the cotton followed wheat or 
an oilseed crop (Table lA). The increase in 
yield was of a medium order if such fields were 
allowed to recuperate through fallowing (Expt. 1). 

Salinity or alkalinity or high pH in the subsoil 
was found to affect adversely the response to 
manuring. Although the fields having these sub- 
soil conditions differed widely in their yielding 
capacity without • manuring, the application of 
sulphate of ammonia was found to be unprofitable 
in all cases (Table IB). This held good for the 
organic manures as wmll (Table VIII). 

The above two soil conditions are found irre- 
gularly distributed in the cotton fields. Fields 
with light sandy soil may also possess patches of 
subsoil salinity or alkalinity in varying propor- 
tions, The average increase in yield by manuring 


such a field would, therefore, depend on the re- 
lative proportion of such areas present in the 
subsoil. The variations in response to manuring 
can be partly understood in the light of the above 
findings. It also indicates why a general recom- 
mendation for manuring of cotton in the Punjab 
could not be made as was done for Egypt by 
Crowther et al [1937]. Other relevant factors 
found to influence the response to manuring on 
light sandy soil are briefly mentioned below : 

Vaeibties 

V^hereas the dm variety, Moll {G. mdicum) 
gave a high and profitable response to nitrogen 
on all soil types, the ability of the Punjab-American 
cottons ((?. hirsutum) to give such increases in 
yield with manuring was greatly restricted by 
the subsoil conditions (Table II). ^ i* 

Another important fact that emerged from this 
study was that the response to nitrogen on the 
different varieties varied in the order of their 
yielding capacity. Of all cottons, Moll. 39 gave 
the maximum yield as well as the highest response 
to nitrogen in all cases except in Expt. 14 where 
the germination and the subsequent stand of this 
variety was poor on account of patches of alkali 

on the soil surface. ’ 

L.S.S. yields were heavier than 4h and tJie 
response to nitrogen was also found to be greater 
in the former than in the latter (Expts. 7, 12, 13). 
The remaining strains, viz. 289F/43, 289F/K2o 
and 289F/124 did neither differ significaiitly m 
their yielding capacity nor in their responsiveness 


to nitrogen. 


Sowing time 


The sowing time of cotton was aunther factor 
that governed the response to manuring. It 
was found that generally May-sown crop gave 
higher increases in yield by manuring than the 
June-sown crop (Table III). The reduction in 
the magnitude of response was specially marked 
in the crop sown during the second half of June. 
If the soils were extremely deficient in nitrogen 
as in Expts. 14, 15, 17 and 18, all the sowings gave 
equally pronounced increases in yield by manur- 
ing. With higher doses of sulphate of ammonia 
on such fields the same relationship of sowing 
time with nitrogen aiDplication would have pro- 
bably held good. As June sowings of American 
cottons have now been recommended as a preven- 
tive measure against tirak^ this aspect of manuring 
must be clearly borne in mind. 
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Table II 

Increma in yield with the sulpJmle of ammonia under different mrieiiesand its relation ta their yielding 

capacity 





Dose of 
manure at 

Increase in yield with iiiaimre (nifi. per acre) 


Order of varietal mc3aii yields 

Expt. N 



. 






S.IL 



flowering 

jVlolI. 

39 


L.S.S. 

289E 

289F 

2S9F 





(niU. per acre ) 

4E 

43 

lf25 

J!L_. 



5 (J>.valiiiurV 




' 3-98 

♦♦ 

2-00 





0*43 

Moil. 31)>4F : 

7 ’ 



3 


** 

0-28 

i* 

o’oO 

** 

4*89 



O'Si! 

L.8.S.>IF>43F , 

■ v! ' 



3 

10- GO 

** 

(V47 





0-30 

BIoll. 39 > 'IF 

12 (Syr'-icdoR^ 



o 

** 

4-00 

1-48 

* 

2*30 

0-22 



U-95 

Mull. 39 > L.S.S. > 4F>48F 

13 



o 


* 

1-80 

** 

8*99 




0*81 

A 

ffi 

>4 

3 i (MiiUai)) 



1 ■ " 2 

** 

3-43 

** 

G-I6 





0*58 

4F > Moll. 39 




I' , ' 2 




** 

4*14 

1 7*35 

I 5*01 

1*45 

1 Varieties am! varieties X 

If) ,, 







*♦ 

i ** 



j." nilrogi*!' liisignilieant 

J 

,17', , . 



i> 




3*08 

1 3*43 

2*97 1 

0*84 

18 (Moritgoauvry) . 



1 

2 

5ft* 

i>*7S 



** 

2*34 

! 1 

1 0*30 ! 


0-82 

Moll. 39 > 43F > K25 

20 „ 



3 




** 1 
3*17 


^ 3*32 

0*82 

Varieties; iusigtiiftcant 

30 (Lyallpur) 


* 1 

f) 

2-41) 


(>03 i 

0'05 



1*33 

Moll. 39 > L.8.S. > 43F 

32 (Multan) 



» 

-- 



0*79 

0*78 


0*98 

Moll. 39 > K25 > 43F 

36 (Montgomery) 



2 j 

** 

1.22 , 

1 0’54 j 

' 1 





1 0*29 

Moll, 39 > 4F ■ 


Table III 

Variation in yield response to the sulphate of ammonia mlh ckmging sowing dale 


Expt. 

No.'., 

. Dose of manure at liower- 
hig (md. per acre) 


Increase in yield witli 

manure (nid. per acre) 


S.B, 

1—15 May 

16—31 May 

1 — 15 .June 

After 15 June 

• 3 

3 . 

(12 May) 7*85** 


(2 June) 6-88** 

(22 June) 3*29** 

er' 

,0*85" 

4 

« 

IH 1| at sowing . 

(I May) 4-36** 


(1 .1 line) 2*03 


. 1*25 

5 

U ■ .. 

(6 JMay) 4*08-^* 


(10 June) 2*55** 


0-43' 1" 

Im 

6 

3 . . . 

(10 M.ay) 5*37*^ 

(28 May) 5-.S4** 

(15 June) 3*03* 


1*27 ' ! 

7 

3 . - . . 

(15 May) 6*89'^* 

(31 May) 5-05** 


(20 June) 3*79** 

. 0-80 

8 

3 . . » » 

(15 May) 9-22** 


(10 June) 7*01** 


0*36 : ■ 

11 

2 . . . ' . 


(21 May) 4*85** 

(11 June) 2*45* 

• (2 July) 1*21 

1*13 

11 

4 * * • • 


(21 May) 7*70»* 

: (11 June) 5-21** 

(2 July) 1*80 . 

■ 1*13' , ■ 

. 12 

' . '2 \ 

(15 May) 2*87’^* 

(30 May) 3'8.5** 

' (15 June) 1*41 

(30 June) 0*08 

1*06 ! 

13 

2 . . 

(15 May) 3*83** 


/ (2 June), 3*25** 

(19 June) 1*60* 

0*81 

14 

2 . ■ , .... 

1 ■ #' 

(IS May) 4*67** 


(18 June) 4*93** 

0*58 1 

15 

. ..g.;" ^ . 


(10 May) 4*51** 

(6 June) 4*95** 

(24 June) 7*04** 

.;,1*43..:’' 

16 

2 . . . . 


(20 May) 2-46** 


(20 June) 1*73* 

0-77'; ■ 

, 17' ■■ ' 

2 ■ . 


(18 May) 4-02** ^ 

(12 Jime) 2*05* 

(28 June). 3*41** ■ 

0*84 , ■ 1 

18 

. .. 2 . . .. '' , ; 

(8 May) 3*15* ' 

(23 May) 2-50* 

(7 June) 3-52** 

(22 June) 2*05 

: .1*14 i ' 

19 

' 2 . ' ■' 

(13 May) 4\50** 



(20 June) 2* IS** 

0*55 

iln 

20 

8 , : ' 

' 1 

(20 May) 5'24** 

(7 June) 2*31* 

(27 June) 2*19 
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Spacing- , 

.There was an indication that ior manurial 
■ response May-sown crop behaved indifferently to 
spacing, but close spacing was specially conducive 
to better fertilizer response in the case of June- 
sowings. The experimental evidence in favour of 
.this, view is, however, still not conclusive. 

Wateeing 

Heavy watering greatly favoured the effective- 
ness of manure in Expt. 1 where the field was 
allowed to recuperate through fallowing prior 
to sowing cotton. Under intensive system of 
cropping, however, nitrogen alone acted as a 
limiting factor and the increases in yield with 
the artificial fertilizer were so heavy under normal 
watering that further improvement in response 
through extra dose of water was meagre (Expts. 
2, 3, 8, 14). 'Hence heavy -watering on nitrogen 
deficient soils would not be of much benefit 
whether given with or without the application of 
a nitrogenous fertilizer . 

Time of application 

Optimum time for the application of the sul- 
phate of ammonia was unmistakably mid- August 
for the May-sown • cottons. This confirms the 
previous experience in the Punjab. The differences 
in favour of August application were less marked' 
as the sowings were delayed, so much so that in 
a few cases (Expts. 7, 11) application before sow- 
ing proved slightly superior for the late sowing. 

Dose op manuee 

There were only a few » trials involving the 
comparisons of the different doses of ammonium 
sulphate. A study of Table I reveals that the 
increase in yield is linear up to 3 md. of manure 
per acre (Expt. 6). The response trend shows a 
decline with higher rates of application (Expt. 11), 
and 6 md. of sulphate of ammonia is undoubtedly 
an over doze (Expts. 2, 9). In the experiments 
under review, the dose employed was 2-3 md. 
The results obtained and discussed, therefore, 
are of general practical value. ^ 

Effect of phosphatio and potassic feetilizees 

There were seven trials to study the effect of 
the fertilizers with and without nitrogen. Two 


experiments were repeated on the same sites to 
find out the residual effect, if any. In spite of 
the heavy doses used, the direct as well as the 
residual effects of these fertilizers were insigni- 
ficant in all cases (Table IV). In view of these 
results and those already obtained by the Depart- 
ment of Agriculture, it can safely be concluded 
that the Punjab soils do not lack in phosphorus 
or potash. Besides, none of these fertilizers in- 
teracted with nitrogen the level of which alone 
determined the final yield. 


Table IV 

Effect of phosphorus and potash on the yield of 
cotton 


Dose of Dose of 
PlioS' potash 
phate Ih.K.O 
Ib.P.Os per 
per acre acre 


Yield of kapas in maunds per acre 


Control 

Phos* 

phorus 

Potash 

Phos- 

phorus 

-r 

Potash 

S.E. 

of 

mean 

20-8 

2P7 ; 

20*6 

21-4 

0*55 

20-4 

19-9 

20-7 

20-8 

0-73 

11*2 



12-0 

0-88 

8'98 


11-2 


1-07 

22-5 

224 

21-7 

"22-4, 

3-03 

7 '44 

6*95 

6*99 

6-56 

0*69 

10-8 

9-25 

9-44 

10‘S 

0*44 

17-6 

17'8 

I 19-1 

17-9 

1-17 

18*0 

13'5 

13-8 

13-7 

0*63 


16 Eesidual 
effect of 
Expt. 33 

19 Eesidnal 
effect of 
Expt. 35 j 


Effect of oeganic manures 

Farmyard manure and berseem green manure 
were tried in a few experiments. The results are 
summarized in Table V. The absence of response 
in Expt. 1 was attributable to three factors, viz, 
(1) cotton followed cultivated fallow, (2) the dose 
was small, anfl. (3) this treatment was relegated to 
the main plots. The soil under Expts. 23, 24 
being sandy loam and saline was responsible for 
the failure of response to manuring. In other 
experiments the increases in yield were substantial 
as the soil underneath was light and sandy. Thus 
these manures behaved in the same manner as 
did the sulphate of ammonia in relation to soil 
conditions. 
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Fia. 2. Th.e apparatus for preparing leaf extract 
for tannin test. 16 samples can be 
extracted at a time by means of this 
apparatus. 






Fig. 1. The photograph of leaf extracts giving the 
negative -tannin’ reaction (left) and positive 
‘tannin’ reaction (right) 
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Table V 


E^ect of Farmyard manure and berseem green 
manure on the yield of cotton 


Expt. 

No. 

Dose 

Yield of kapm in maiinds 
per acre 



(tons 

per 

acre) 

Control 

Farm 

yard 

manure 

Berseem 

green 

manure 

Eesponse 

S.E. 

1 

5 

20-7 

21-3 

.. 

4-0-6 

0*78 

4, 

10 

4-31 


7-31 

♦ w 

4-3*0 

«« 

0-88 

10 . 

20 

18-4 

22-6 


4"0-2 

<** 

0-90 

22 

20 

7-64 

U-86 

10-05 

r 4-22 

1-61 

2S 

10 

21-2 

19-0 


1 2-41 ' 

-1-7 


■ 24 

10 

4-01 


3-41 

-’0-60 

2-82 


On account of the non-availability of the sul- 
phate of ammonia under the present war situation, 
the comparative manurial value of oil-cakes and 
ammonium sulphate was studied in the year 1942. 
Quantities of manures to supply 50 lb. N per 
acre were calculated and added. Toria cake 
though slightly inferior to the sulphate of ammonia 
on equivalent nitrogen basis proved to be a good 
substitute for the latter (Table VI). Cotton cake 
did not hold out promise of extensive use. There 
was an indication from Expt. 38 that toria cake 
should preferably be applied before sowing. Fur- 
ther work is, however, necessary to confirm these 
findings and to work out the economics of toria ^ 
cake. 

Table VI 


Comparative effects of ammonium sulphate and 
oihcakes on the yield of cotton 




Yield of hapas in maunds per acre 

S.E. 

of 

mean 

Expt. 

No. 

Time of applica- 
tion of oil cakes 

Control 

•Ammo- 

nium 

sulphate 

Toria 

cake 

Cotton 

cake 

10 

At flowering . 

13-24 

17-02 

16-19 


0-38 

20 

At sowing 

16-59 

18-88 

17-69 

16-64 

0-35 

28 1 

Ditto. 

8-82 

10-77 

9-57 

8-14 

1-04 

88 (a) 

; Ditto. 

11-24 


16-29 


0-83 

88 (5) 

At flowering . 



16-87 


i ’* 


* Applied in all eases at flowtring m tlie middle of August 


A PEACTICAL METHOB FOE DETECTING NITEOOEN- 
DEFICIENT FIELDS 

Manuring of American cottons in the Punjab 
oould be profitably undertaken on light sandy 
soils free from subsoil • salinity. This finding 


could not be put to practical use as it was im- 
possible for a zeniindar to know the soil conditions 
and to exclude from iiiaiiurial programme such 
fields as were not likely to yield profitable returns. 
Besides, the yielding cap.acity, of a field was 
shown to be no criterion for manuring it. During 
the course of investigations carried out in the 
Punjab Physiological Scheme,' a simple and in- 
expensive method has been' found to detect cotton- 
fields which would give profitable . increases 
in yield' by manuring with aminoniuin sulphate. 
This method is termed’' as * tannin , test ^ 
and is described below : 

In the month of August six» cotton plants are 
selected at random from one- fourth of an acre 
and 30 discs are cut out from mature leaves by 
means of a leaf punch. They are transferred to 
a tube containing about | oz. of water and the 
tube is kept for 2 hr. in a hot water bath. When 
the extract of the leaf discs cools down, it is 
treated with 5 drops of an aqueous solution of 
osmic acid (1 gm. of osmie acid dissolved in 4| 
lb. or 2 litres of water). Two drops of dilute 
sulphuric acid are then added to the extract. If 
a blue green to a dark brown colour (Plate XI, 
fig. 1) is produced, the crop requires nitrogen 
manuring. If the leaf extract remains yellow 
or orange-red, manuring is not necessary. Appa- 
ratus required to handle 16 samples at a time is 
given in Plate XI, fig. 2. The cost of making 
this test works out to be about one anna per 
sample at the pre-war rates of the chemicals, etc. 
used. 

'Tannin test’ has been tried out extensively 
for three successive years on the fields of zemindars 
in the different cotton-growing tractsof the Punjab, 
and found to be very successful. The details 
of the tests made and the results obtained are 
given in Table VII. 

Table VII 

Statement of tannin tests made and the results 
obtained 


Year 

Total 
No. of 
tests 
made 

No. of 
positive 
tests 

No. of 
flelds 
! selected 
for 

manur- 

ing 

Dose of 
sulphate 
of amm. 
md. per 
acre , 

i Yield , of Irapaa '' 
md. per acre , ; 

Control 

Blanured 

1939 

46 

22 

15 

2 •: 

7-21' : 

11-21 . ' 

1940 : 

265 

123 

55 

. 2 " ■' 

" 10-48';'' 

12-66 

1941 

326 

178 

22 

' 2 ^ 

11-88 

14-24 


1941 


22 


2 


14-24 
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The. results show that it would be profitable to 
apply sulphate of aiiinionia to the fields that give 
the test. Ill 1940 the magnitude of increase was 
relatively small as majority of fields selected for 
the test and siibsequent manuring had already 
turned very pale so that it ws>s too late to correct 
the internal disorder ill the plants at such an 
advanced stage of nitrogen starvation. Fields 
selected for the test should be light green and 
should possess perfect stand in order to obtain 
best results from manuring. It may be mentioned 
that this test for manuring cotton has only been 
found successful in the Punjab. It is possible 
that similar results may not be obtained in other 
cotton tracts. 

CoiSrCLtJSIONS 

The problem of manuring cotton centres roimd 
the availability and the application of nitrogen- 
ous manures as phosphorus and potash have not 
generally been fotind to be limiting. Neverthe-" 
less the problem did not prove to be quite simple 
as the magnitude of response to nitrogen was 
found to be governed by a multitude of factors 
of which the soil was most important. "^Vhile 
the desi variety could profitably be manured on 
a wide range of soil conditions, the American 
cottons responded only on light sandy soils free 
from subsoil kalar. On sandy loam fields with 
saline or alkaline subsoil the response was either 
low or nil. The increase in yield was of a medium 
order when light sandy lands had also some 
alkali concentratioii in the subsoil. Where the 
different soil conditions were found intermixed, 
the relative proportion of each determined the 
ultimate gain from the application of nitrogen. 
This finding explains at least in part the cause of 
wide variations in the results obtained with nitro- 
genous fertilizers and the difficulty experienced 
in making a general recommendation for cotton 
manuring. 

The original nitrogen status of the soil is no 
Ips important, provided other soil factors are 
favourable. The increase in any crop produced 
by a unit increment of a deficient factor is pro- 
portional to the decrement of that factor from the 
maximum (Mitsherlich). Practices such as fallow- 
ing, restorative rotations providing legumes, green 
manuring and the use of other organic manures 
that raise the nitrogen level of the soil make it 
less and less responsive to the application of 
nitrogen. ■ 

. A simple and. expeditious device designated as 
the fanniji test ' has been evolved and described, 


the use of which enables one to detect fields suffer- 
ing from nitrogen deficiency without recourse to 
soil analysis. This biochemical test is applied 
to the aqueous extract of the leaf just before the 
onset of flowering. Once the positive test is 
obtained, sulphate of ammonia can be applied 
at the rate of 2-3 md. per acre. 

The influence of sowing date, spacing, and 
variety in modifying the response to nitrogen on 
light sandy soils cannot be ignored. May-sowings 
possess greater potentiality for increase in .yield 
through manuring than the June-so wings. The 
usefulness of nitrogen falls off as the sowing date 
advances so much so that the June-end sowings 
derive the least benefit. The manurial response 
to late sowings can, however, be greatly improved 
by close spacing. - 

The different strains of cotton were found to 
respond to nitrogen in the order of their yielding 
capacity, i.e. greater the yield, greater the res- 
ponse and vice versa. 

The behaviour of the organic manures in rela- 
tion to the soil’ conditions was similar to that of 
ammonium sulphate, and from one year’s trial 
toria cake appears to be a good substitute for 
this inorganic fertilizer. 
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COMPAEAl’iVE STUDIES OK INDIAN SOILS 

X. RliGIONAL AND ENVIRONMENTAL FACTORS ASSOCIATED WITH INDIAN SOILS 
By B. ViswAXATH and A. C. Ukil, Imperial Agricultural Research Institute, New DAiii 

(Kcceived for pilblication on 21 March 1944) 


4b! E work on this subject is reported in a series of topics/ 
it represents the. coordinated team work in the Chemical 
Section of the Imperial Agriciiitural Researcii Institute 
under tlit' direcrion of the senior alitlior and is designed 
to form the basis fm' the inteipretation of Indian soils in 
the light of modern develo])iUents iirisoil science both in 
its theoretical and practical aspects. 'J'o this end com- 
parative data are obtained on the relevant physico- 
chemical and bio-chemical properties of soils in relation 
to colour, ciimate, geographic distribution and life in 
th soiL-~-B.V.N'. 

Object and scope op the en-qitiry 

Farming, whether intensive or extensive, requires 
knowledge of soil factors for handling soil ques- 
tions. As knowledge of soils increases, more, 
rational and more economic methods become 
available for the reclamation and utilization of 
new and derelict lands ; the practice of growing 
crops unsuited to any particular soil can be pre- 
vented ; better use can be made of manures, 
fertilizers and irrigation waters ; there v/ill be 
improvement in farming whose welfare is linlced 
up not only with the quantitative and qualitative 
aspects of production but also with economic 
conditions in respect of costs and prices. 

In India, we have stabilized soils and long 
established agricultural systems and practices' 
many of which are scientifically and economically 
sound. The practical knowledge that accu- 
mulated through long experience and tradition 
was, till the beginning of the present century, 
the sole factor that governed 4he distribution and 
management ol crop and animal husbandry in the 
diff'erent regions of the/ country. 

A forward move became possible with the 
establishment of agricultural researcii institutes 
40 years ago, and the scientific study of Indian 
soils has been in progress since then.^ In^ those 
days the terms ‘pedology’ and " soil science ’ 
were not known. The scientific ideas on soils were 
‘based largely on one or th either of two view 
points. One view was largely influenced by 
Liebig’s mineral theory of plant nutrition, and 
looked upon soil principally as a chemical nutrient 
medium for crop growth ; the other view held the 
soil as the surface modification of the geological 


formation. The former ;view prevailed with the 
agricultural scientists. Soil studies began, 
therefore, with the more obvious problems of soil 
fertility in ternivS of sufficiency and deficiency of 
fertilizer constituents and studies on soils were 
concerned principally with the chemical, physical 
and micro-biological properties of surface and 
subsoils. On the basis of these studies four 
major types of soils have been distinguished, 
namely the Indo-Gangetic alluvium, tlie bla(*Iv 
or regur soils, red soils and laterite soils. Each 
of these major types has its sub-types. 

During the last two or three decades, the second 
view gained 'ground. Its ideas are similar to 
those of geology in the sense that they deal with 
the evolution of soils. Under the new concept, 
the soil is recognized as a dynamic body subject 
to perpetual changes and the future of the soil 
can be visualized from a knowledge of its past 
, evolutionary changes. Originated by Glinka in 
Russia, tested and modified by Marbiit for condi- 
tions obtaining in U.S.A. and by Ramann in 
Germany, the new concept rapidly gained ground 
and influenced soil research and thought in other 
parts of the world. The substance of the new 
concept is that the soil from the^^surface down to 
the parent rock below is considered as a natural 
body made up of parts which have grown ox 
“ evolved together under the influence of the pre- 
vailing environment. There are forces at work 
making the soil and its body which is something 
different from transported or sedimented or 
deposited material. Prominence is given to the 
study of soil dynamics and regard is paid to the 
descriptive metamorphism of the soil profile, to 
understand the processes of changes concerned, 
in the developmental history and morphology 
of the . soil profile or section. 

These developments which are very suggestive 
attracted attention in this country and influenced 
soil research in its scientific and applied aspects, 
and induced us to apply the methods in the study 
of our soils. Detailed studies are made on soil 
profiles in rektion to the chemistry, physics and 
micro-biology concerned in the development of 
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profiles, liorizoBS and in .their structure, colour 
and other , characteristics, and a large volume 
of data, has. accumulated. The. time has come 
for the systematization and assimilation of the 
available data into farming practices , and to fit 
our soils into the world scheme of soil classifica- 
tion and terminology. . 

An important feature of modern soil science 
is that it does not now speak of soil in terms of 
wheat vsoil, paddy soil, cotton soil and so on. 
Soils are classified and named on the basis of the 
distinguishing characteristics of the soil profiles 
which have developed under natural conditions. 
The scientific point of view cannot, however, 
be separated from the agricultural point of view. 
Much of the significance is lost if the new system 
is not related to the practical aspects of agricul- 
ture. Indian soils are largely under relatively 
dry tropical and sub- tropical conditions* There 
is in vogue the colour classification which, though 
empirical, signifies correctly major characteristics 
and agricultural practice associated with the soils. 
The farmers recognize different kinds of soils on 
the basis of differences in the management of 
soils and tlieir productivity and their agricultural 
practices are governed largely by these consi- 
deration.^. The general and local names given 
by the farmers to their soils are descriptive and 
tell with a reasonable degree of precision the agri- 
cultural properties of the soil. It is, therefore, 
important to ascertain to what extent soils differen- 
tiated on the basis of their workability and 
productivity correspond to types classified accord- 
ing to modern soil science. In other words, 
we should endeavour to correlate the new system 
with actual farming in the country, in order that 
the farmer and the soil scientist in India may 
speak common soil-language and that the results 
of research may be utilized for the solution of 
practical problems. Also, it is desirable to 
correlate the local terminology with the inter- 
national nomenclature, for the necessary 


understanding by soil workers in and outside 


India. 


What has just now been said becomes obvious 
when it is stated that facts derived from laboratory 
studies and field experience have revealed that 
the principle and practices developed elsewhere 
have been found in many cases unsuitable for 
application to our soils without substantial modi- 
fications. For example, heavy clays which in 
other countries would be classed as unfit for crop 
growth are known to yield good crops in India. 


The nitrogen and phosphate contents of many 
Indian soils which grow good crops are of an 
order which wmuld be declared as being deficient 
in these constituents for the soils of the temperate 
regions. The nitrogen recuperation powers of 
Indian soils are greater than those of the temperate 
regions. Frequent and deep cultivation with or 
without soil inversion is not always and every 
where followed with economic results and in some 
cases the results have even been injurious. 

It is important, therefore, in order to distin- 
guish between the processes and their intensities 
in soil and plant growth in temperate and tropical 
conditions, the available data should be co- 
ordinated in order to have more precise and 
comparative ‘ information for the interpretation 
of soils and their performances and to ascertain 
how far Indian soils fit into the world scheme of 
soil classification and terminology. The available 
data of the past were obtained on different samples 
'collected at different times and examined by 
different methods. Also the studies of the early 
days were made under the older concepts. It is, 
therefore, unsound to rely on the available data 
in comparative soil investigations for assessing 
the scope of recent developments in soil science 
either in the evolution of new principles and prac- 
tices or in the modification of older ones. The 
first step then is to secure comparative analytical 
data by identical methods of collection of samples 
and their analysis. 

The object of the study, therefore, is to obtain 
in the first instance, data on the characteristics 
of soils to ascertain relationships between them 
and between the horizons in individual profiles. 
The data will then form the basis for the inter- 
pretation of soils, and the effects of manures, 
fertilizers, irrigation and plant response. Such 
information will be found useful to students of 


soil science and to students of agronomy to whom 


more knowledge of our soils is a matter of increas- 
ing interest and importance. 

To this end samples of soils, from virgin and 
cultivated areas from the localities where experi- 
ment stations exist in different parts of India, 
were collected by the members of the Section in 
the same year and in the same month. The 
places where experiment stations exist have been 
selected so that the crop data available at those 
places may be made use of in interpreting the 
soil data. Stress has been laid on the importance 
of uniformity in the description of the profiles, 
collection and preparation of soil samples which 
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were analysed by experienced analysts, . employing 
approved and established methods of analysis. 

The scope of the enquiry is limited, in the first 
instance, to the study of soils which have not 
been under cultivation, the changes which profiles 
undergo with variations in temperature and 
intermittent aridity, hydrostatic pressure and 
other variable conditions. These variables in- 
dividually and jointly control the transformations 
in the regional soils. The scope of enquiry is, 
therefore, designed to secure comparative data 
on the nature, geological, physical and chemical 
composition, and properties arising under isother- 
mal and isodynamic conditions and hydrostatic 
pressure (humidity). 

Surface geology and profile morphology 

The soils of India like those of otlier countries 
may be divided into two broad divisions, namely 
drift and residual soils, majority being included 
in the first type. The alluvial soil mantle of 
northern India and of coastal plains and certain 
localized areas in peninsular India are mostly 
drift soils formed by deposition of alluvial and 
windborne debris, while a large part of peninsular 
India are residual soils and soils formed m situ, 
Indian soils, however, offer a distinct contrast 
to those of many other countries in that they 
are old, mature and do not show generally the 
pedogenic processes and the close relationship 
between the soil and its rocky substratum. The 
great majority of soils of northern India are of 
alluvial origin derived from the sedimentary 
rocks of the Himalayan range of mountains while 
those of the peninsular India, which represents 
the ancient table land are derived from the ancient 
and earliest formed gneisses and schists and the 
Deccan trap rocks. 

The earliest investigations by Volclcker at 
first in the year 1893 and the later studies by 
Leather [1898] distinguished four major types of 
soils — the Indo-Gangetic alluvium, the black or 
regur soils, red soils lying on metamorphic rooks, 
and the so-called laterite soils. In addition, 
stretches of alluvium along the coasts and the 
mouths of the great rivers have been noted to 
occur. Erom his studies on the composition of 
these soils, Leather found the brown deltaic 
alluvium of the great riversjif Deccan and penin- 
sular India bear no relation to the Indo-Gangetic 
alluvium and in addition observed that soil 
covering what is known as the Dharwar system 
of the Western Ghats or Sahyadri hills to be very 


much different froni the red soils of the meta- 
morphic rocks. Ijea tiler also observed that 
■calcareous' soils in the Indo-Gangetic alluvium 
contained- nodular, lime stones within a few feet 
below the surface and also intermixed throng 
the soil mass. 

■ The chemical composition of the soil is governed 
to a large extent by the original composition of 
the rocks from which the soils are derived and 
nature of the cliemical processes that have taken 
place during the formation of soils. The 
of rock formation has also a marked effect on the 
composition and properties of the resulting soils. 
A concise statement showing the surface geology 
of the localities from which the soils were collected 
is given in Appendix 1. 

In addition to its geological origin the soil is 
under the influence of major and minor effects of 
the phenomena of life in the soil, climate and 
seasons relative to the geographic coordiiiants 
measured and expressed in units of time, distance, 
temperature and hydrostatic pressure. Under 
the influence of climate geological differences 
are obliterated and soils of similar properties 
cover the most varied rock systems. The more 
extreme the climate the more generally will the 
climatic type of soil predominate. Examples are 
the black soils in India derived from 
types of rocks. A mature soil is, therefore, the 
expression of geo-climatic and geo-biological 
forces which are jointly operating. The climatic 
environment impresses itself most on soils formed 
by the deposition of material transported great 
distances from the points of origin by the large 
number of great rivers traversing the country, 
and by high winds. B^or the reason that a large 
majority of soils in India are transported soils and 
for the reason tliat to a great extent the soils are 
in what may be characterized as dry tropics and 
sub-tropics with alternating periods of extreme 
aridity and humidity, a study on climatic 
is particularly apposite to Indian soils. 

Climate is the nett result of atmospheric factors 
which make different regions and periods more or 
less suitable for supporting life. The two im- 
portant climatic elements that influence soil 
processes are temperature and humidity. Water 
is a substance which is very largely concerned 
with the birth and development of soils and the 
life supported by the soils. Water takes a high 
place in two very important physical properties 
namely, specific heat and heat of evaporation. 
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Apart frooi tli.e gross effects of flooding, transporta- 
tion and leaching of soil materiai, under compara- 
tively dry conditions water, in the shape of mois- 
ture, affects stabilization of temperature. In a dry 
atmosphere, a moist soil exposed to a rising 
atmospheric temperature exercises heat-dissipat- 
ing capacity by virtue of its increasing vapour 
pressure. The result is that more and more 
heat is lost by evaporation and the soil acquires 
heat much more .slowly than the surrounding 
atmosphere. Conversely, It cools down at a 
slower rate when the external temperature falls. 
Thus by its comparatively large capacity for 
Ixeat, water in its various forms exercises control 
over w'hat is called the climatic effect. 

Several workers have from time to time 
endeavoured to correlate climatic factors with 
soils and soil processes and properties, and pro- 
posed various formulae for expressing the effect 
of climate (rainfall, humidity and temperature). 
The simplest and the most satisfactory formula, 
is the one proposed by Meyer [1926] and known as 
Meyer’s factor or humidity factor or N.S.Q. 
It is the ratio of precipitation or rainfall to the 
absolute saturation deficiency of the atmosphere. 
Jenny [1929] used this ratio for the soils of U.S.A. 
Prescott [1934] has used this in Australia. 
Recently, Hosking [1937] employed Meyer’s factor 
in his studies on the relationship beWeen the 
black earths of Australia and black soils of India. 
Raman and Satukopan [1935] characterized 
the climate of India by the annual rainfall minus 
the annual evaporation. Had there been data 
on effective rainfall (i.e. rainfall minus run off 
and evaporation) this value would have been 
more useful than Meyer’s N.S.Q. The differentia- 
tion of India into broad climatic zones on the 
basis of N.S.Q. has been found to correspond with 
the natural adaptation of crops better than any 
other factor. The correspondence between 
climatic zonal classification of soils and the zonal 
adaptation of crops (rice, Avheat and millets) is 
of value as a check and enables us to assess the 
bio-climatic character of the zone with reference 
to the type of farming,, cultural practices and the 
type of products best adapted to it. This broad 
classification is of special value in bringing together 
under one coordinated system the major and 
minor groups of soils. In doing so, the object 
is to determine the characteristics of the soils 
and their profiles with reference to a zone and to 
the transition changes, if any, from one zone to 
another under the influence of factors operating . 


in thosfe zones and if possible and necessary to 
utilize variations, if anys as a basis for interpreting 
in a broad manner the response of soil types to the 
geo-climatic and geo-biological conditions obtaining 
in that zone. 

The data for N.S.Q. have been calculated 
for India with the aid of meteorological 
data for India, details of which are given in 
Appendix II. The N.S.Q. divides India longi- 
tudinally into four broad divisions, beginning 
with arid in the extreme west and passing east- 
ward through semi-arid and humid into per- 
humid or w^et zone in the extreme east of the 
country. It will be noticed that these zones run 
at righfi angles to the latitude arid this is largely 
because of the Himalayan mountain ranges on the 
north and of the effect of the sea on either side of 
the moixntain ranges in the peninsular part 
of India. 

The differerent climatic factors and their limits 
are shown in Table I. 

Table I 


1 

Arid 

Semi -arid 

Huinid 

Per-liumid 

Mean , tempera- 
ture 

24 

26 

25-7 

24*4 

Limits 

22 27 

,24—20 

24—28 

19—20 

Annual rainfall 
mm. 

335 

710 

. 1265 " 

2586 

Limits 

175 — 500 

500—1040 

016—1540 

1870— 3160 

Humidity fact oil 
(N.S.Q.) 

65 

144 

273 

9 77 

Limits 

32—102 

91—202 

203—430 

579—1726 


The climatic factors, which are relatively of 
secondary significance in temperate countries 
acquire ill India a major importance and exercise 
their influence in a higher degree, both in intensity 
and duration, than in Europe or . Central Asia as 
can be seen from Tables II and III, 

Table II 

’ ’ Tcm])eraiure (°C.) 


Hot season 
Cold sea!-f>n (March to 
(Jan. &. Leb.) May) 


.Recedin^f 
• Monsoon Monsoon 

(June to (October to 
September) Boeember) 


Min. 


Min. 

Max. 

■,Min,.r 

Max. Mia. 

7'0 

33-9 

18-3 

38-0 

/26-0 

28-0 11-5 

13-1 

36-6 

22*2 

33-5 

■;;:24,*4. 

29-9 15*9 

13-9 

36'9 

' 22-9 

32*1 ; 

24*6 

28*4 ■ 16-2 

13-1 

':;31*5 ■, 

20-9 

721^2 ' j 

24-4 

28*3 17*2 
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It will be seen that the arid region is under 
more extremes of temperature than either 
semi-arid or humid zones where high tempera- 
tures prevail almost throughout the year. Com- 
paratively lower and more uniform temperatures 
are obtainable in the per -humid zone. 

Table III 
Rainfall 


Monsoon 
xY. E. 

(Octotier to 


Arid . 

Semi-arid 

Humid 


Cold season 
(.Tan. & Feb.) 

. 

Hot season 
(March to 
May) 

Monsoon 
’ 8. W. 

(June to 
>Septeinber) 

Eain- 

fall 

mm. 

Per 

cent 

on 

total 

Eain- 

fall 

mm. 

Per 

cent 

on 

total 

liain- 

fall 

mm. 

Per 

cent 

on 

total 

38‘7 

11-5 

62'7 

18*6 

21S'2 

04*0 

23-4 

3-3 

51-8 

7*3 

523-5 

73-0 

35'1 

2*8 

7C-3 

60 

1031 -9 

81*0 

61*5 

2*4 

404'8 

19-1 

1841-8 

71*2 


The greatest precipitation takes place in the 
monsoon period preceded by smaller falls during 
the hot months. It is realized that the climatic 
differentiation of soil zones does not accurately 
locate the ^ azbnal ’ or / intrazonal ’ soils. There 
is, howeyer, the advantage that the soil type 


■ that may be expected under a given climatic 
regime and the agricultural beliavioiir of the soil 
may be known with a r(.*asona)ile degree of cer- 
tainty. It is interesting to note that a close corres- 
pondence exists between tlie geograpldc distribu- 
tion of black, red and tlie so-called laterite soils 
and climatic zona tion. 

The description of the profiles examined is 
given in Appendix III. A feature of the held 
observations is the absence in tlie soils examined 
of profiles in the sense in which, tliev are usually 
understood and described. In tlie drift soils 
or alluvial soils there is no clear demarcation of 
Ixorizons or lines of contact and in mjMiy cases 
there is cio close relatioiislup ))etw(x*n the soil 
and its rocky sub-stratum. The type of soil in 
the different regions is seen to a large extent 
decided by the climate of that area. For this 
reason profile samples were collected in foot 
depths, and wdiere horizons could be differentiated, 
the samples were collected horizonwise. 
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Appendix I 


Profile 

No." 

Station and popular general 
description of soil 

N.S.Q. , 

1 

Peshawar— Silty loam 

i, ' 69'2 ■' 


Haripur (Hazara) — Silty loam . 

102-1 

3 

Lahore — Loam . . . 

105*8 

7 

Gurdaspur — Silty loam . 

188*0 

8 

Kangra- — Silty loam . . 



Regional surface geology 


Recent deposits Grey micaceous sandstones, shales, quartz, fels- 
par and mica, Laki limestones of nuinmiditic origin. Salt ranges 
close by Kabul River. 

Sub-recent deposits — fluviatilc, lacustrine and glacial aiUivium. 
Bounded on 3 sides ))y Attook or Hazara slates which have dark 
coloured nummulitic limestones, some sandstone and trap. 
Depositions by the Dor River from the Tertiary and cretaceous 
systems. Also rhyolitic acid lavas. 

Recent deposits of River Ravi which rises in Jammu hills (ter- 
tiaries, Puranas, crystaiiine gneisses, etc.) and passes through 
meran shales and shvaliks, containing boulder- conglomerates, 
soft sandstones, red and purjJe shales. 

Recent deposits. Doab of Ravi and Beas. Beas rises and passes 
through Himalayan granites and gneisses and siwaliks. 

Upper tertiary of the 8ub-Himaiayas ; consists of boulder-con- 
glomerates, sands and grit and massive grey sandstone with pale 
or drab shales (Siwaliks). Glaciers had extended within the 
clistriet— great thickness of gravel and ])ebb]e beds over boulder- 
congiomerates are seen near Daihoiisie. 
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Appendix I — contd 


Profile 
Ko- ■ ■' 

■ Station and popular general 
'deBiTiptioii of the Boils 

N.S.Q. 

Regional surface geology 


Lyallpur — ^Sandy Loam . • , . 

60*0 

Recent deposits; situated between rivers Ravi and Chenab. The 
latter rises from the slates and laterites and passes through shales 
and moraines. Coarse bouldejij-conglo me rates occur at the 
points of emergence of the large rivers— the Ravi, Chenab and 
Jhelum and their principal tributaries. The intervening ground is 
occupied by massive beds of sand, grit and brown and red clays. 

10 

Mianwali — Sandy loam 

67-1 

Gondwanas, Upper Siwaliks and low^er Miocene (Murree). 

'..■■'ll 

Sakrand — Silty loam 

30-8. 

Recent deposits. Indus alluvium derived from shales and sand- 
stones of gypseous and carbonaceous nature, massive nummulitic 
limestones "of the Kirthar series, marine yellow limestones and 
shale (fossiliferous) of the Lower Miocene (GaJ series) and grey 
sandstones with conglomerates and brown and* orange shales 
.and clays. 

■■ '.12'- 

Karachi — Sandy 

^35-7 

Recent deposits. Sandstones and fossiliferous marine limestones, 
marine yellow limestones and shales. 

13 

Mirpiirkhas — Loam 

320 

Recent deposits. Indus alluvium. 

18 

Shahjahanpni* — Loam 

203-1 

Recent deposits. Ganges valley chiefly the water worn debri of 
the outer Himalayas and the Siwaliks. 

19 

Padranna— -Sandy loam Low- 
land. 

328-0 

Alluvium of River Gandak — one of the oldest river course of India, 
which is now carrying down the detritus from a broad band of the 
siwaliks. 

22 

Banclii — Clay loam Upland . 


Bengal, gneiss. 

24 

Nagpur — Clay loam 

225-0 

Situated on the borderland of archean gneisses, deccan trap and 
lower Gondwanas occurring within a distance of about 2 miles. 

25 

Akola— -Clay loam . 

141-1 

Lower trap of C.P. and Berar. The most common rock of Deccan 
trap is a normal augite-basalt of a greyish green tint-black or 
lidi ter shades are also seen. 

26 

Waraseoni — Loam . 

275-2 

Wain-Ganga basin. Granites and crystallme gneisses of Dhar- 
warians and basic trappean intrusions. (Haematite-quartzite 
and Mn-epidotes. The yellow colour points to derivation from 
felspathic granites an cl laterisat i on is probably due to metasomatrc 
surface replacement of slates and schists by Mn-hearing solu- 
tion.) 

27 

La-bhandi— Clay loam 

237-5 V 
246-3 ) 

Mahanadi alluvium. Lower Ciiddapah or Bijawar series of Raipur - 

28 

Chandkhuri— Loam Mahanadi 
alluvium 

shales slates, quartzites and limestones. 

29 : 

Kheri (Adhartal) — Clay loam . 

1 

304*6 

Older Narbada alluvium. Slope is towards the Nerbada from the 
Vindhayans and an out crop of the Dharwarians of Central 
India, 

50 

i Powarkhera — Clay loam . ; 

236-8 

Older Narbada alluvium. Nerbada valley ; the river traverses 
areas containing trap, Vindhayans, Archaeans and Gondwanas in 
different stages. 

31 

Indore—Clay loam 

167-3 

1 

Southern face of a hillock in the trap area in Malwa ; Malwa 
trap, the most prevalent constituent is normal augite basalt. 

32 

Kharna — Clay loam 

149-9 

Malwa trap. 

33 

Makrera— Sandy loam (Beawar) 

104-8 

Aravalli, Raialo and Delhi systems. Crystalline gneiss and granites 
of the Archaean systems. 

34 

Tabiji — Sandy loam (Ajmere) . 

110-2 

Raialo and Delhi systems, as also Granites (Acid pegmatites) 
and syenites of the Archaean system. Composite gneisses from 
slates and phyllites by injection of granites. Archaean shales 
hornblende-schists and schistose conglomerate resting on the 
■ . gneiss.. ■ ■ ■ 

35 

Jorhat — Sandy loam 

1725-7 

Recent deposits. Brahmaputra alluvium ; the river passes over a 
zone of Bhabar deposits of stones, gravel and shingle for several 
miles before reaching Sibsagar district. A number of ridges runs 
more or less across the line of the valley down to the Mikir hills. 
These are sandy in character. A series of low hills are scattered 
in the greater part of the district, are red in colour and gneissic 
• in character. The Jorhat ridge is deep, friable and Sandy. ^ 

3G 

Karimganj — Silty loam . 

1322-7 

Recent deposits of Barak river, Rising from Naga Hills. Its tribu- 
tary Langai rises from Lushai Hills, Both rise from the Tertiaries 
of Eastern India mainly comprised of sandstones, shales, nummu- 
litic limestones, argillaceous beds, etc. May also have the effect 
of Siwaliks containing thick coarse ferrugenous sandstones and 
■■':':"'';sahdy'ciay^s,, etc. ' „ 
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Profile I Station and popular genctral 
No. description of soil 


Begional Rurfiice geolo; 


87 Sylhet— Sandy loam 


88 Bacca— Loam 


39 Rangpur— Sandy loam 


40 Ciiinsura — Clay loam 


43 Sirsi^ — Sandy loam . 

48 Padegaon — Clay loam 


49 Surat — Clay losm . 


50 Coiinbatone — Sandv loam 


51 Taliparamba — Loam 


52 Koilpatti— Clay loam 


54 Hagan— Clay loam 


55 Nandyal— Clay loam 


56 Samalkot — Loam . , 


Recent deposits ; : Surma river, wliicb rises from ■ the Shillong 
plateau; the Jaiiitia Hills consisting of saiidstonc?K, shales and 
thin seams of coal and nummulitie limestones with iof*a! develop, 
ment of shales and sandstone. 

Baeea stands on the bank of River Biirhiganga. Re» ent dt^posits ; 
Burhi Ganga river. The soil is of the same tvpe as the older 
alluvium of the Brahmaputra ami lower Ganges vallevs. 

Recent alluvium ; Rivers Teesta and Ghagliat, a b ran idrorgin ally 
of the Teesta, now beheaded. Tlie Teesta rises from the Dhar- 
warian gneiss and erystalJine>s of Barjeeling and 8ikkim. The 
Teesta used to fiow^ in the iSth century west, of Rungpur. through 
Binajpur, now it flows through the district in a S.E. direction 
and falls into the p»resent Brahmaputra river. 

Rerent alluvium. River Bhagirathi, a branch of river Ganges. 
This tract is continuous with the alluvial area, of the east coast 
and comprises the greater portion of the country to the westward 
of the Bhagirathi and probably the deposits from the Mor^ 
Bralimani, Adjai and Bamodar rivers wliich bring down materials 
from the hills of Manbhiim, Singhbhiim and Santhal Parganas. 

, Gneiss and unclassified crystallines, and to tlie west a stretch 
of Bharwar series laterites. 

Besh or dry tract of Poona in the Nira valley. The deposits 
of the Godavari and Kistna and their tributaries.' In the upper 
reaches are chiefly composed of rolled agates and fragments of 
basalt derived from the Beccan trap. Accumuiation of washings 
containing fine particles of soil from the Mawal tract (heavy rain) 
takes place. The prevalent rock of the Poona district is all trap 
in practically all the varieties. 

Recent deposits; between the rivers Tapti and Narbada ; south 
of Kirthar and Ranikot and l¥est of I)ecca,n trap area. In* 
terstratified beds of gravel or conglomerate containing agate 
pebble derived from traps and limestone, frequently' sandy, 
ai'gillaceous or ferruginous and abounding in nummulites and 
other fossils. 

Some older alluvium of the upper basins of the two rivers, the 
Nerbada ajid the Tapti, are also brought down the upper basm 
covering a considerable depth beneath the leveds of the river 
beds. 

Laterite beds occur interstratified with the low'er Teitiaries near 
Surat. 

Gi'anites and crystalline gneiss. Granitoid, hypersthene bearing 
rocks of the Charnockite series. Foliated *^among the gneiss 

are Nephelme^syanites and their pegmatites. 

Granites and crystalline gneiss of Malabar consisting principally 
of quartz, felspar, hornblende or mica and garnets and which 
weather readily into a ferruginous clay. 

Granites and ery’Stalline gneiss. Kankar and calcareous rocks. 
(Gypseous). Cuddalore sandstones of Tinnevelly district consist- 
ing of highly ferruginous gritty and sandy Ijeds, < oloured yello-w, 
brown red or purple and sometimes white or pale-coiourcd. " Clays 
and shales are interstratified ocassionally. 

River Hagari. Granitoid gneisses and' Bhaiwars, The massi'ce 
gneisses are of two types — (I) Forphyritoid grev rough gneiss 
of quartz and pink orthoclase felspar’ and hornblende, and (2) 
Red granitoid gneiss of a close-grained aggregate of quartz and 
felspar. 

Cuddapali and older paleozoic shales of Kundair. group of the 
Karnul series (Nandyal shales), composed of purple calcareous 
shales and earthy limestones passing insensibly into compact 
crypto-crystalline, flaggy limestones (Koilkuntia band). Nandyal 
shales are soft and cru'fiibling. 

Godavari Bella. Coastal alluvial deposits. Trap and Khonda- 
< lites.. " 
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Profile Station and popular general 

^ No. description of soil 

N.S.Q. 

Regional surface geology 

Anakapallo — Sandy ioam 
Coastal alluvium 

182-2 

Granites, crystalline gneiss and khondalites. An extensive deve- 
lopment of Bezwada gneiss of a dark brownish colour com- 
posed principally of lustrous red miirchisonite felspar with 
abundantly scattered garnets. Graphitic schists are also found 
here and there. Contains some bands of crystalline limestones. 

58 Berhampur — Sandy loam 

Coastal alluvium 

301^ 

Granites and crystalline gneiss. Cliamocldte gneiss of the nature 
of igneous plutonic rocks. 

59 Pusa — Sandy loam 

•• 

Recent deposits. Boor Gan dak River. Alluvium of the Boor 
Gandak which rises from rocks composed of granites, gneisses 
and Dharwarians of the Himalayas and passes through a broad 
belt of the Siwalik foot hills and coastal Tertiary deposits. 

60 Deihi—Sandy loam Jumna 
alluvium 

123-6 

Triassic-Delhi system of the AravalHs composed of ferruginous 
and -lime quartzites, grits and schistose*rocks intruded by large 
bodies of granite and amphibolites. The schistos rocks consist 
of biotite schists, pliyllites and impure biotitic limestones. 


Appendix 11 
Qlimatic factors 

(Compiled from Animal summary of India Weather Review/ 1938, Pt. A) 




Temperature 


Absolute 





Bievation 

No. 

Stations 

Mean 

max. 

■ 

Mean 

im'n. 

Diurnal 

differ- 

ence 

Average 

°F. 

\ apotir 
pressure 
mill. 

saturation 

deficit 

nun. 

rainfall 

mm. 

Humidity 
per cent 

Meyer’s 

N.S.Q., 

Lang’s 

E.F. 

in feet 
above 
mean 
sea-level 

1 

Peshawar . 

84-7 

00-3 

24-4 

72-5 

11-54 

4-96 

343-2 

57 

69-2 

15-3 

1,110 

2 

Haripur-Hazara . 

85-0 

GO-0 

25-0 

72*3 

11*54 

4-96 

50C-6 

57 

102-1 

22-5 

3,780 

3 

Lahore 

89*0 

00*0 

20-0 

75-1 

12-40 

4-71 

498*4 

02 

105-S 

20-0 

782 

4 

Perozepiir . 

87-8 

e4*o 

23-8 

• 

75-9 

12-67 

,4*44 

729-2 

65 

164*4 

29-0 


5 

Kalasliakaku 

80-0 

60-8 

28-2 

74-9 

12-.57 

4*53 

571-5 

64 

126-3 

• 24-0 


0 

Gujranwalla 

SS-4 

01*0 

27-4 

74-7 

12-75 

4-34 

643*1 

66 

148-4 

,27*1 


7 

Gurdaspiir . 

S8*4 

01-0 

27-4 

74-7 

12-57 

4-02 

755-7 

08 

188-0 

33-0 

800 

8 

Kangra 

75*0 

58*0 

17-0 

66-y 

10-54 

2-85 

1,869-4 

73 

G56-0 

97-4 

8,000 

9 

Lyallpur 

8S*6 

,02-1 

2C-5 

75-4 

12-24 

5-51 

334-0 

I '55 

CO-C) 

13-9 

005 

10 

Mianwali . 

80*9 

60-2 

2C-7 

73-6 

12-32 

4-93 

331-0 

00 

07*1 

14-3 , 

750 

11 ^ 

Sakrand 

93*3 

■■68-2 

25-1 

80-8 

13*84 

5*54 

i ■' 170-7 

60 ' , 

30-8 , 

6-3 

110 

12 

. Karachi 

88*0 

08-0 ' 

20-0 

78-0 

15-32 

5-36 

■ 191-5 

65 

35*7 

7*5 

49 

13 

Mirpurkhas 

93-1 

08-5 

24-C 

80*8 

13-84 

' 5-54 

177-5 

60 

32-0 

^ 6*5 

95 

14 

Aligarli 

89*1 

G4-3 

24-S 

70-7 

12-42 

5-34 

524-3 

57 

98*2 

21*1 


ir> 

Cawnpore ‘ . 

80*0 

GC-4 

23-5; 

78-2 

14-45 

4*91 

912-4 

66 

185-7 

■■ :35*5 

*• 

10 

Gorakhpur . 

87-7 

00-7 

21-0 

77*2 

lG-26 

4*07 

1,275*0 

75 

313*6 

50-8 


17 

Pyzahad 

88*7 

66-2 

^£2-6 

77-5 

15-52 

4*85 

1,127-0 

72 

250*4 

44*5 


18 

Shahjahanpiir 

89-1 

65-3 

23-8 

77-2 

14-55 

4-51 

916-2 

69 

203-1 

30-5 

475 












1 
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ApfrkdiA Tf ■■■emitd 


No. 

Stations 


Tcin])(*ratiir(! 


Vapour 

pressure 

mm. 

Al^soiufe 

saturatlm 

tldtfil. 

lurn. 

' 

Vcail' 

raiidVtll 

■mnn 


If -.m*A 

p.r. 

' \nf i»»!l 
:;i Ici t 

U * '( * V*‘ 

a.t iP'i 

V 1 

I^Iean 

max. 

AF. 

’'lean 

min. 

“F. 

Dinriml 

(lilfer- 

eneo 

. 

Average 

■ ■Ilrm-idity 
. pjor ceiit' 

1?} 

Padraiina . 

„ ' 87«7 

06*7 

21*0 

■ 

77*2 

10-26 

107 

3 ,33.10 

■ 75 

. 328 ■«! 

5 *2 

lW>l 

20 

Oral . 

91-2 

09*0 

22*2 

80*1 

' 13-44 

5-04 

■ '918-7 

■' 58 

162*8 



21 

Saljour 

80-3 

05*0 

20*7 

70*0 

■ ■ ■, 10-87 

3*71 

1,218*0 . 

7 S 

328*1 

' 40*9 


22 

Kano hi 

84*2 

05*5 

18*7 

74*9 

13* 44 

4*57 

I,4p,r7 

6ft 

3 1,*)* 5 

6 1 ■ 3 

2,15^U- 

22 

Paivna 

87*3 

08*0 

. 18*7 

7S*0 

10*00 

4*07 

1,2.33*0 

7’^ ■ 

264-2 

48-2 

'! S:'''. 

24 

Nau'pur 

02-0 

08*8 

23*2 

80*4 

■ 13*49 

5*53 

. 1,244*0 

■ ,59 

225*0 

46*2 

. 1,025 

25 

A kola 

■93‘2 

07*4 

20*8 

80*3 

12*83 

5*04 

790*3 

; 5ft 

■ 141*1 

D ^ 

03) :i 

20 

AVara Saoni 

, 87*0 

04 *0 

23*0 

70*1 

12*00 

4*91 

1.352*0 

61. 


, 55*2 

. (\m 

27 

h.althaiidi . . 

90*2 

07*5 

22*7 

78*9 

14*33 

■ ■'5*44 

1,292-1' 

62" ' 


4 9- 5 


28 

(liiandkhur! . 

■ 90*2, 

07*5 

. 22*7 

78*9 

14*33 

5*44 

D339-8 

62 

246*3 

51 *3 


20 

Kli-ad-Adhartal . 

88*4: 

03*8 

24-0 

70-1 

13-13 

4-0*) 

1,400-0 

65 

30-P6 

57*1 

1,300 

20 

'PciisriduTa . 

90*3 

05*5 

24*8 

77*9; 

12-78 

5*24 

1.240-0 

59 

,23ft-8 

: 48*6 

930 

.. 21, 

Tridi-To 

SS'2 

03*9 

24*3 

70*1 

' 13*23 

. 5-03 

■ ■841-2 

;■;.*» 

0',7-3 

' ' ' k'PO 

■ '1,823 

22 

Kliarna 

SS’S 

015 

24*3 

70*7 

12*57 

■54?8. 

701-1 

58 

■149*':» 

31-9 

1,700 

2:"i 

Makrara 

■ ' SS*5 

, 05*2 

23*3 ■ 

70*8 

12*52 

4*70 

. 498-0. 

,62 

104 *8 

■ 20*ft 

1,700. 

34 

Tidiiji 

88*5 

05*2 

23*3 

70*8 

12*52 

4*70 

r»24-5 

62 

110*2 

21*1 

1 ,500 

35 

Jorhat 

81*3 

05*7 

15*0 

73*5 ■ 

17-53 

1-40 

2,410-0 

, 92 

1,725*7 


250. ■' 

30 

Karini"{inj . 

SG*1 

07-5 

18*0 

70*8 

18*39 

A 2*39 

3,lfi!'.l-2 

87 

1 

12ft* 9 

■ ' . k:!I) 

37 

Sylliet 

80*1 

07*5 

18*0 

70*8 

1S*29 

2-.3S 

2,835*8 ■ 

S7 

1,191*5 

11 ft *9 

,90 

38 , 

Dacca . 

'80*2 

70*5 

15*7 

78*4 

19-53 

3*71 

2,148*8 

! ■ 

.'79*2 

S3’3, ' 

: , ,22 

39 

Eangpiir ‘ . ; . 

86*0 

06*9 

19*1 

70*5 

17*03 

3-00 

2,084*3 

■ 83 

6AA S 

84*4 

123^ 

40 

CliiiiBiira 

87*8 

70*0 

17*2 

79*2 

18*85: 

3-58 

1,539*7 

81 . 

430*1 ^ 

'58*8 

50'., 

41 

Dharwar, ' . , . 

84* <1 

04*1 

20*5 

■ 74-4 . 

10 . 7.2 

3-98 

1,117-0 

71 

,'287-2 

■,4 7* 5 


42 

Sholaptir . 

"91*4 

68*3 

23*1 

79*9 

■■ 12-07 

5-70 

■722-0 

55 

1:?ft*4 

2'7*2 '' 

1,500 

43 

Sirsi . 

85*0 

70*0 

15*0 

• 77*5 

13*72 

3*43 

3,051-0 

75 

; ss'ft'ft 

' 120*6 

,'■ ''2,,oao 

44 

.Nad:,ia(l ■ ' . 

94*0 

70*0 

24*0 

82*0 

li-OO 

■ 5-72 

905-5 

61 

'"■ ' '15.A'4 

" ' 3'2'2 .■ 

!'■"'■•■•",■■■ 

4a 

Bijapiir 

00*6 

07*8 

22*8 

. 7'9*2 

12-70 

5*33 

530-8 

' '53 


, '..^ :?/i'3 


40 

Hflgaina . 

84*0 

04*1 

20*5 

74-4 

13-97 

4-7.5 

1,010-0 

6ft 

21 f-',‘ 

'■ i'ft-S'; 

■ ■ A 2,550 

47 

Kuinfa 

80*1 

72; 7 

13-4 

70*4 

19-lS 

: .3-07 

. 3 , 048-0 

?! 


12'M 


48 

W dcgaon . 

90*0 

07*8 

22- S 

79*2 

13-72 

4 -SO. 

. .■ .057-6 

65 

|37'0 

:'!5*1 

1 ,U0i‘J 

4'.) 

Surat 

„91-5 

00*9 ■ 

21*0 

80-7 

17-14 ; 

5*14 

1,041-0 

70 

1 

}■.' 2ft2*4 

1 , 

?.?)*■} 

!'A ■ 30 

ai) 

(‘uiiidiatoJ’c 

89*1) 

09*7 

20*2 

■ 79*8; 

18-30,1 

. ■ tl49 

. 500-2 

TO 

r ''ift2.*o ■; 

0 1 .0 

1 , ft ■‘"'‘ 

1,34s 

53 

Taliparamlai 

,,,;v',87*7 

" ■ ' '74*4^ 

. 13-3 

81*1 

' 20*45 

■ A- 4-0'9 

,3,118-2 

SO 

i, ''762,-4 i 

114*2 

600 

52 

Koilpatti . 

93*7 

■.A- ;74*2;,.: 

19*5 

84*0 

: A: 19-05 ■ ■ 

■ , ',5*52 

8,52*9. : 

'■71 ■■, 

' 154-4',;' 

!:■„■■■;■■ 7,29*5'': 

1 ' ■ ■' 400" 

53 

Adiiturai . 

90*2 

7<>*2 

14*0 

83*2 

20-73' ■■ 

4*97 

1,306-0 

, ' 7ft 

''■' 23ft*T'; 

40*2 


54 


93*3 

70-9. 

■22*4 

i 82-I'- 

14-03 . 

: ■■, 5*71 

' ■521-0 

, 61 

01*2 ’ 

,' '' 18*7 

1,400 

55 

.Nandyal,. 

A ,';93‘8;;:': 

71-2':, 

, 22*0,, 

82*.,5,' 

■ , ; 16-2() 

A5-10 

000*7 

OS 

127 *3 

1 23-5 

900 

50 

: Sanialkot; 

■■'S9’3 

75*0 

■ ' 14-3 

82*2 

■ : 20-24 ' 

4-45 

092-9 

7S 

1 

! ftftVft 

• 30 

" 5?'' 

j Anakapailc 

■ , ■ 87*0' 

.".■.,75*4 

A: ' 'll-O. 

^ ■'■■Sl*2„ 

39-15 ' 

■ ■ :.5-17„ 

■ ■ ■ 9,42-1 

'■ 73 ' 


3-P5 

150 

58 

ilorhanipur 

80*1' 

■ , , 73*3 

.■' ■ 512*8 ■■ 

:;„’79-7; 

3 9- '34 

, ■:.■ 3-79 ' 

■ ; l,,142-0 :,'l 

' ■' 

t!Ol-5 

43*1 

80 

59 

. Plisa 

, 87-1 

o<i*r) 

■ ; 20* 0.- 

;l70'S’, 

lO-lO 

■;1»:*6’7'. 

1,178*0 

,71 A,',,' 

"'2'*7'9 

47*3 

1 104 

00 

Dclid 

'' 89*2, 

1 ■■ 

' ,04*8 , 

24*4 5 

V.TT'O-' 

13*13 

- A Aaf.,; 

i- ■■081,-7: 
i..- ■ ■ ■■ .;■; ■ ■: 


123*0 

j 27-3 

71S 


B 
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Appendix III 

Profile (leseriptions, as seen in the field {virgin soil) 

(Samples collected foot^wise) 


' 

Profile 

No, 

Station 

Depth 

of 

horizon 

Characteristics 



(ill.) 


1, 

Peshawar 
(Tarnab Farm) 

0^-48 

48—60 

Greyish pink soil 

Greyish pink soil but sandy 

' 2.' 

Haripor (Hazara) . 

0—12 

12—60 

.Light brownish grey 

Greyish brown 

B 

Lahore 

0—60 

Light greyish browui 

7 

Gtirdaspiir . . . 

0—12 

12—36 

36—60 

Dark greyish brown 

Brownish 

Brownish but more ekyey 

8 

„Kangra 

0—24 
24—36 
36— 4S 
48—60 

Light blackish browm, bits of boulders 

Light brown, about 30 per cent boulders 

Light brown, about 25 per cent boulders bne sandy 

Light brouii, about 25 per cent boulders and Imnlcar coarse sandy 
Boulders of various sizes 

9 

L3’-aIlpin’ • 

0—60 

Light- pinkish grey 

10 

Mianwali 

0—36 

36—48 

48—60 

Greyish pink 

Grejdsh pink present 

Gre^dsh pink fe'w bits of 

, 1 

11 

Salcrand . . • 

0—12 

12—48 

48—60 

Light grey 

Light grey more sandy 

’Light grey more sandy feels salk^ . 

12,. 

Karachi (Malir Farm) . 

0—36 

36—60 

Light brownish with pink tinge 

Dark brownish with red tinge 

13 

1 Mirpiirkhas * . . 

0—36 . 
36 — 48 
48—60 

Greyish browm 

Blackish and bard (compacted) 

Black and harder 

18 

"“'s 

Shahjahanpnr , „ 

0—12 

12—60 

Dark brownish grey * 

Light brown 

The first foot contains a very small quantity of hanhar {0’\ per 
cent) which do not effervesce with dilute hydrochloric acid 

19 

Padraima (Low land) 

0—12 

12—24 

24—48 

48--60 

Dark blackish with browm tinge 

Light grey 

Light grey more sandy, lime Jcankar 

Light grey more sandy 

22 

Eanehi (Upland) . 

0—24 

24—36 

36—60 

Dark red with brown tinge 

Less red 

Less red but more heavy 

24 

Nagpur (Morand) . 

0—12 

12—24 

24—60 

Brownish black with white specks 

Brownish black a few pieces of lime Jcanicar 

Brownish black, kanJcar increasing with depth 

25 

Akola .... 
(Morand). 

, 

1 0—60 

Uniformly black with brown tinge. Kanhar present throughout 
the profile, amount increasing with depth 
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Appendix III — cmtd 


\ 

station 

No. 

Depth 

of 

horizon 

Characteristics 


(in.) 


26 Wara Seoni . 

0-— 24 

Slightly greyish yellow 

(Sihar). 

24—36 

Murrum 


36—60 

Soil mixed with stones 

27 Labliandi 

0—36 

Black with brown tinge, small kankirs 

(Kanahar). 

36—60 

Black with brown tinge, l:m]car in greater amounts 

28 Chandkiiuri . 

0—5 

Dark brownish red, Jcanhar 

(Bhata). 

5—15 

Red, more Jcanhar 


16—28 

Dark red, still more Jcanhar 


28—60 

Red Jcanhar size larger 

29 Kheri-Adhartal 

0—24 

Tight black, brown tinge, lime Jcanhar 

(Kabar). 

24—36 

Grey, lime hanJcar 


36—60 

. Brownish, lime hanJcar 

30 Powarkhera . 

0—36 

Greyish black with brown tinge, lime hanhar 

(Mariyar), 

36—60 

Dark grey with brown tinge, Jcanhar diminishing with, depth 

31 Indore 

0—36 

Light black, lime hanJcar 


36—60 

Brown, hanhar increasing with depth 

32 Khar u a 

0—36 

Slightly brownish black, lime hanhar s 

(Kali). 

36—48 

Greyish, lime kanhars 


48—60 

Whitish, to increasing 

33 Makrera 

0—36 

Brownish grey 


36—48 

Murrnm, limey 


48—60 

Fine sand, limey 

34 Tabiji . 

0—36 

Brown 


36—48 

Slightly black 


48—60 

Sandy 

35 Jorhat 

0—12 

Dark reddish brown with yellow tinge 

(Highland). 

12—24 

Greyish yellow 


24—36 

Yellow 


36—60 

Deep yellow 

30 Karimganj . • • 

0—12 

Slightly blackish brown, forms stiff clods on drying 


12—60 

Yellowish brown, femiginons nodules 

37 Sylhet . , . 

0—12 

Blackish brown 


12—60 

Yellowish brown, gets more clayey with depth 

• 38 Dacca . 

0—12 

Light brown with yellow tinge 


12—60 

Ochrey red, richer in colour with depth 

39 Rangpui* . . . 

0—12 

Slightly brownish black 


12—24 ■ 

Blackish brown 


24—48 

Sand 


48—60 

Highly sandy soil 

40 Chinsnra 

0—12 

Deep greyish brown, hard and gritty when dry 


12—60 

Brown with blackish tinge 

43 ' Sirsi"' .■ 

0—12 

Dark greyish red 


12—24 ■ 

Red, with decomposed rock 


24—36 : 

Deeper red, with decomposed rock 


36—48 

Red, gravels and undecomposed black iron nodiilos 


48—60 

Red, disintegrated rock, more black iron 
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Padeccnoii 


C’oiniliatoro 


TuliYiaramha 
(WH: land). 


52 Koilpaiti . . 

(''rypical ^ypi^f^cais). 


54, I Hji.garl 


55 Kandval 


5(J 8atna.]kot . r'. 


u Aniikapnlle 


ns Burlininpur . 


r;0 J Delhi . 


Appekdtx 


Depth 

of 

horizon 


Characteristics 


0~~30 
‘10 & below. 


0—12 
32—24 
24—30 
36—48 
48— 54 
iU & below. 


Dlack with slight pink tinge 
Greyish lilaek, lime aceiimnlation 


0—12 

32—30 

36—00 


Brownish lilack 
Black 

Blackish l^rown 


Deep red hlaclc 

Deep red black, Icmthar 

Pale coloiired. I'cinkar smaller size 


Blackish rod 
I.ight reddish Idaek 
Reddish brown 


Mon sc^grey A 

j\ronsc grey, nodular, imbedded Imnhtr 

Deep moiise-gT'ey, prismatic, bigger Icanhar Ihts, A few gypsnm 
particles . 

Less deep monse-gT*ey, gramdar, both lime hi'nhar and larger 
gypsnm particles ^ 

Mdnsc-giey, lamhtr size 4 in, to -J in. diani., gypsnm in flakes 
Dark olive grey, gypsum blocks, lanlrtr 


Greyish black 

Greyish black, hrnlcar hits 

Greyish, slight Foliation, some gypsnm 

Greyish brown, sfmie gypsnm 

Brownish 


Pdn ekish grey, no marked difference’ between layers 


Liidit black wa'ih brownish tinge 
Water table 


Dark g!*eyish rod 
Grtyish red 
Light greyish red 


Greyish black 
Wh itish gre}^ 
Light brown 
Very light brown 
■Whitish brown 
Red gravels 


Greyish brown 

Whitish brown interspersed with lime Irtnlar 


Taght browm 

Slightly darker brown. Compaction at 22 in. ami below 
Dark brownish grey. IMore compacted 

Dark grey with slight brown tinge. Heavier and njore cone 
pa(tc‘d 

Light brownish grey. White streaks and white incriistated eavi-. 
ties at 55 in. Lime iiodides at 5S in. Less compacted 
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11. THE COMPOSITION OF CLAYS FROM SOU. Pi;OF!IJ-:S 

By A. C. UkiLj N". D. "^'Yas and B. Viswakath,. liiiperM ■ A«:riciilt^n licsca,rf'i 


{Heeeivcd for publicatioB on 21 March 11)11) 


Thk coinplex aliimilio-siiicates of the niineral part 
of the soil constitute is what is commoniy known 
as clay or clay colloids or clay 'complex. The clay 
complex is the idtiinate product of weathering 
and is derived from the rock minerals. The clay 
is the most reactive portion of the soil and by 
virtue of its powers of absorption and ionic ex- 
change capacity it controls the chemical and 
physical- properties of tlie soil besides holding all 
the important elements of plant nutrition. A 
chemical analysis of tlie whole soil can indicate 
only the gross composition of the weathered and 
unweathered materials of tlie soil and of the extent 
of the reserves of plant nutrients contained in 
tbc soil. Such an analysis, liowever, does not 
indicate chemical reactions and the trend of soil 
processes in the soil profile, as clearly as the ana- 
lysis of the clay fractions does. Tlio clay frac- 
tions of soils from the different horizons of the 
several profiles described in part I of tbis series 
of paperSj were separated and analysed. 

Separation of clays from soils 

Attempts were at first made to separate the 
clay fractions by moans of Sharpie’s Super- 
OentrifngOj but that proved time-consumihg. 
The separations were> therefore, made by sad i- 
iiieiitation metliod, as is done in the mechanical 
analysis of soils. Two years later, we noticed 
that Kelley, Dore d uL [1939] in California 
also employed the sedimentation method for 
their studies on the colloidal constituents of Cali- 
fornia soils. Tlie following is the method ein- 
])loycd by us for the separation of clay : The 
soils after rubbing witli a wood(‘n mallet and 
separation from gravel and hmhtr,' etc. was 
passed through 2 mm. sieve. That which passed 
through the sieve was taken for the separation 
of clayi 500 c.c. of distilled water was added 
to every 25 gm. lots of soil and boiled for 15 
minutes. After cooling the suspension was vi- 
gorously sliaken by hand after adding 25 c.c. of 
ammonia (4 : 1) as a dispersing agent. This was 
then made up to 2,500 c.c. and transferred to a 
glass vessel of a size sufiicient to give 10 cm. 


Just it II tc 


depth of stipermdant sfisp<Misiuis. At t he 
24 hours, tlie supeimatant suspension oi' clay 
siphoned off. Idieii tlie residue wjis niblied with 
a rubber-tipped glass roil, mado up with distilled 
water to a height of 10 vin.. alhnctRi to settle 
for 24 hours when tjie supernatant (day suspeii 
sion was dra\wi off and added to the pn‘vious 
lot. This process was r(‘pea,ted till the super- 
natant liquid was almost free from susp«‘nd(‘d 
clay particles. Four or Hve successive pourings 
usually give a fa.irly clear supernataait liquirl. 
These pourings were mixed and then boikvl to 
coagulate the clay suspension. Cii settling of the 
clay the clear supuuiatant li(piid containing any 
soluble salts was thrown a-way. Aftf*r 
the creamy material first at 95-100 C. and tlu^n 
at 105*^0., the clay saauph's were powdeietl and 
stored for analysis. 

The following metliods of amilysis were adopted 
“2 gm. of clay, after det(‘i:uiining liygroscopi<.* 
moisture at 107-8'TA. was subj(.'eted to digestion 
by Triacid niixture [Hardy, 1931 ; 1932]. 

This was then transferred to a ])eakf‘r or a conical 
flask -with 10 per cent HHl and digested on a 
bath for about four hours and iiltered. 

The residue was dried, ignited and w(fighed as 
sand. It was then transferred to a beaker, 
digested with 1 per c(‘nt NaOIi for about lui liour 
on a boiling, water-bath witli constant stirring, 
filtered and residue (uf quartz washed ffee of 
alkali with (mid 10 per (eent alcohol. Ignit(‘d and 
weighed. Tim dilfenmee hefinveen the sand and 
quartz gives the amount of soluble sili(‘ates. 

The usual analytical pro(*(‘dur(*s of tlu' A.O.A.O. 
were adopted for the determiiiatioii ot alumina, 
iron oxide and lime. The tiltmte trom lime was 
evaporated down to dryness and ammonium salts 
were removed by ignition. The residue was digest- 
ed with 10 per (?ent hydrochloric acid on a wu,tor 
bath for about lialf an hour and filtered. A 
convenient volume was made up of tlio filtrate 
and divided into two portions. In ou(‘ portion 
the magnesium was dekuunined c.s tlie pyroplios- 
phate and the other pijrtioii wa.s usi^d for the 
deteniunation of mixed chh^rides of magiiesiuiu 
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potassium and sodimiid . The residue o£ triple 
efilorides was then taken up wdth hot water and 
potassium , was determined by the Lindo-Glad- 
ding method. Sodium was obtained from the 
mixed chloride^s after deducting the calculated 
amounts of magnesium and potassium obtained 
previously. . 

Analytical results are presented in Appendix. 

„ Soil, TYPE and composition op clay 

The analytical data on clays have been grouped 
according to climate into the four main zonal 
types of soils, namely arid, semi-arid, humid and 
per-humid and according to colour classification 
in vogue. Soils "with calcium carbonate content 
of 10 percent and over have been grouped sepa- 
rately as calcareous type of soils and separate 
from the major climatic or colour types but oc- 
curring within the major types. 

Type — Arid soils. The average composition of 
the clays for the profile of the arid type of soils 
works out as shown in Table I. 

Table I 


Average composition of clay in the arid type of soil 
profile 
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o 

a 

O 

in 

3 

Quartz 

Combined SiOg 

O' 
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. pcj 

' ^ 

O 

MgO 

. 
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■' -W ■ 

O 

& 

0—3 

49‘70 

12-01 

37-69 

9-41 

21-80 

2-34 

2-39 

4-03 

4-22 

1—2 

49*93 

10-07 

3Q-Sa 

10-47 : 

22-56 

1-93 

2-42 

3-89 

4-32 

2—3 

50-65 

11-06 

39*59 

10-29 

22-38 

1-73 

2-16 

3-26 

3-80 

3—4 

50-96 

12-04 

38-92 

lO-OS 

21-76 

1-80 

2-44 

3-33 

4-31 

4—5 

51-43 

14-62 

36-81 

10-44 

20-90 

1*81 

2-35 

3-60 

4-41 


Average analytical valites — molecular per cent 


S' 
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■a ■ 

■■fO 

0 

Per Genfc clay in 
soil 

Combined SiO. 

! 

q 

A 

i 

CaO 

O 

O 

M 

q 

S 

0—1 

1 15-20 

1 0-628 

0*059 

1 0-214': 

O'OdS 

0-058 

0-043 

0-068 

1—2 

18-14 

0-66i 

0'666 

0'221 

0-034 

0*060 

0-042 

0-070 

2—3 

20-46 

0*659 

0-065 

a‘220 

0*031 

0-054 

0-035 

0-061 

3—4 

24-86 

0-648 

0-063 

0*213 

0*032 

0-061 

0-036 

0-070 

4—5 

24-01 

0-613 

0-066 

0*205 

0-032 

0*058 

0*038 

0-07X 


There is a tendency towards a lowering in the 
amounts of combined silica, iron oxide and alu- 
mina in the topmost layer and an accumulation 
in the second layer. A gradual falling off of the 
values with depth is noticeable afterwards, except 
for a slight rise in value of iron oxide in the last 
depth. The highest content of lime, as would 
be expected under the climatic conditions, is 
found* in the first depth remaining practically 
unchanged throughout in the lower depths. Same 
is true for potash, which is rather high due prob- 
ably to ' the presence of undecomposed feldspars. 
Magnesia and soda are found to remain practic- 
ally constant throughout the profile. Lime and 
soda are slightly in excess over magnesia and 
potash and the monovalent bases are present in 
higher proportions than the divalent bases ihdi- 
cating conditions of salinity. The analytical 
values as well as the clay Gontent of the soil from 
different depths show slight increase of finer 
particles down the profile. 


Table II 

Derived and property values 


' S' 

' B 

t 

a 

4) 

Weathering 
per cent 

'TJ 

.So Si 

SgQ 'ri 

O 

o 
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2 •» 

.2 « b 
’2.9lo 

t " 

tj 1 

IsiS’ 

o 

© 

'm' 

o 

Bases | 

O: 

b ' 

i 

Saturation 
{Ex. bases) 
per cent 

pH antimony 
electrode 

1 

O 

75*8 

2-31 

10-74 

2*95 

3*09 

' Si65 

96*1 

7-35 

1—2 

80-0 

‘2-33 

10-50 

3*03 

3*40 

3-50 

94*8 

7*33 

2—3 

78-7 

2-34 

10-53 

3-03 

4*2 

7 

3* 

47 

98-0 

7-23 

3—4 

. 76-7 

2-37 

10-62 

3-08 

3-6 

7 

3*4,7' 

96*3 

7*26 

4—5 1 

72-0 

2*30 

10-25 

3-06 

3-4 

5 

3- 

50 j 

38-5 

7-31 


Table II shows the constancy of composition 
of the clay minerals in all the depths, the only 
exception being the base contents which have 
accumulated at the surface probably by capillary 
rise as is indicated by the gradual increase in 
SiOg/base values. The clay of the last depth 
is more quartzose than those from the upper 
layers. Under the high prevailing temperature 
of 24-2°C. and a scanty and precarious rainfall 
of 114 in. per annum only a moderate degree of 
disintegration and a high accumulation of salts 
has taken place. The SiOg/AlgOg ratio of 3*03 
shows that the colloid complex has probably a 
constitution intermediate between vkaolinite and 
pyrophyllite, almost as a constant composition 
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mixture. The ^ 120 ^^ 620 ^ ratio down the profiles 
is constant. 

The arid tjrpe of soils have a pink, greyish pink 
or brownish pink colour due probably to the 
syenitic rocks in these regions. The average 
composition of clays of these profiles is given in 
Table III. 

Table III 

Average composition of clay in the profiles of j)inh 
coloured soils 
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3 

0 
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0 

« 

8 

0 
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0 

< 
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0 

0 

14 
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1 ^ 

1 

0—1 

49-77 

1 

1 11*27 

38-50 

10*87 

' 21-75 

1-81 

2-20 

3*43 

■ 3-46 

1—2 

50-01 

11-19 

38-82 

10-63 

24-01 

1-30 

2*02 

3-51 

3-28 

2—3 

50-17 

12-22 

37-95 

lO-OG 

24-24 

1-33 

1*68 

3-28 

! 2-74; 

3 4: 

49-20 

12-31 

36-89 

10-05 

23-81 

2- 01 

1-83 

3-03 

2*77 

4—5 

49-18 

14-99 

34-19 

9-46 

23*07 

3*30 

1-00 

2-93 

3*22 


The average sesquioxide ratios for the surface 
soils in the two types of clavssification are as 
below : 


Arid type 
Pinkish type . 


Combined 

2'31 ± 0*18 
2-13 ± O'.iS 


Con)ljined 

SiOo/AlgOs 

2-95 i- 0-22 
2-81 ± 0-57 


Type— Semi-arid soils. The detailed analytical 
data for the clays of the semi-arid type of soil 
profiles are given in statement in the appendix. 
The average composition is given in Table TV. 


Table IV 

Average composition of clays — serni-arid type of 
profile 
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1 

3*17 

1—2 

51-37 

6-S5 ! 

44-52 

11-64 . 

23*10 

1 2*00 

2-10 

2*02 

S*15 

2 3 

50-31 

6-30 ' 

44-01 

11*31 i 

23-20 

.2-02 

1-96 

l'-91 '1 

^ ,3*20 

3—4 

50-33 

6-03 

44-30 

11*33 

22-70 

2-71 

1-90 

1-84 

1 

3-35 

4—5 

49 09 

7-35 1 

41*74 

11-04 , 

21-41 

' 3-Sl 

1*98 

1*02 1 

3-59 



Average madytical values — molecular per cent 
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' 0 ‘ 7 dl 
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10021 ! 0-051 

2—3 

^ 43-40 

0-735 

0-071 

0 ’ 22 S 0-030. ! 0-040 

0-010 1 0-052 

3—4 

41*87 

0*741 

0*071 1 

0-2-23 (CNO 0-017 

0-019 ; (6054 

4: 5 

40-33 

0*695 

0*069 i 

0-211 0-068 0-010 : 

0-020 ! 0-058 


It will be noticed from Table IV tliat as in the 
case of arid type soils, the constituents in the top 
layer are less than those m the next one below. 
The composition of the cfdloidal complex in the 
second, third and fourtli layers has practically 
the same values. These three depths might thus 
be considered to be one horizon of the profile and 
with an average composition which works out as 
follows : 1-4 ft., 40-90, 0-739, 0-072, 0-226, 0-040, 
0-049, 0-020, 0-052 and may thus be termed the 
illuvial layer . The fourth and fifth depths sho w the 
characteristic process of Marbiit’s Pedocal forma- 
tion, where the calcium is converted to calcium 
carbonate and is then deposited as such at that 
depth. Calcium is solubilized as bicarbonate by 
carbon dioxide from organic decomposition, and 
its percolation to gr<niter depths is not allowed 
by the low rainfo.ll (27-d in.) of this region and 
hence a deposit is formed at a depth to which the 
rain waters penetrate. Calcium-bejubig materials 
can also rise from lower depths in the capillary 
water due to very high prevailing temperature 
(26-l°C.) of this region and are precipitated in the 
zone of calcification. 

As in the case of arid soils lime plus soda is in 
excess over magnesia plus potash but divalent 
bases are in excess over the monovalent bases. 

The major constituents are present in higher 
amounts in the semi-arid type of soils than in 
the arid type showdng a greater degree of decom- 
position. The bases are present in lower amounts 
owing to a higher precipitation. CaO increases 
with deptll here against a decrease in the arid 
type. Na^O also shows a slight increase with 
depth, while ma.guesia shows decrease. K 2 O is 
practicaHy constant possibly as undecomposed 
feMspar. Except in the ease of C‘aO the variations 
found are very small indeed and the colloids 
developed in this series show a singular uniformity 
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of coiiTpositiuii. Tlie relatively liigl'x values 
.for AIjo.O a!ul K^O miicate either the 

presence liiniere.ls resista,iit to hydrolysis ^or 
1‘liat tin" eoiioid c'.ooiplex hu-s a very strong aflinity 
Inr ha-es. A tendency towards increase in 

the clay coli^jids is shown here also (Table V) as 
ill the cai;S<‘ of arid soils. 

Table V, 

Dvrif'fd pfoperty values 


Tyj)6-—Il'iwuil soils. ITic detailed analytical 
data for clays of tli(‘ liuiuid type of soil profiles 
are given in the statement in appendix. The 
average profile clay composition is given in Table 

VI. 

, Tablit VI 

Average cmnposiiions oj clays- — humid type of 
profile 
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Average anaiyHcai vakies--rfiolecularj)^^^^ 


Most of the above ratios for clays of this series 
arc bigliei* than those of the arid series excepting 
for a lower ratio Al20jj/Fe203 - indicating the pre- 
sence of a proportionately higher amount of iron 
oxide in the complex than alumina. Accumu- 
lation of calcium carbonate is reflected in the 
lowm' SiOo/base ratios in the fourth and fifth 
liiycrs. A. loss of SiO^ and ¥0203 is indicated 
by the ratios and 8102/^6303 and 

points to the trend of the weathering processes. 
The small varietioiis in the valueSj 

wiicii consirlered by tlnnnselves, show a cons- 
huiey of composition of tlie major constituents 
tliroughout the profile, but the ’Si0JFe203 and 
SIO2/AI2O3 ratios show tliat there is an accumu- 
latioii of AloOo with deptli up to the third foot 
depth and then falls away cmd t]i.c ratio becomes 
constant ; wlicreas Fe203 leaves the complex up 
to the fourth foot depth and is showing accimui- 
latioji in the last or fifth foot depth indicating 
dowm.'ward movement. The clay of the fifth foot 
is found to be more quartzose than the preceding 
layers, as was found with arid soils. 

The moan value of 3*35 for Si02/Al203 suggests 
that tlie colloidal complex is composed of either 
(i) a mixture of kaoliriitc, AI2O3, 2 Si02, 2 H2O 
au(I,-:nH>ntinorFllonite AI.2()3. i SiO.^, H^O, nli^O 
the ];d4er being in excos5g or (ii) a mixture of 
Eiedellite, AI2O3, 3 SiOg, H3O, and mont-. 

inorillonite, the former being in excess. 
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2—3 

45 * 0 ? 

0UJ.I 

0*075 

0*201 

0*018 

()* U 26 

0*026 

0*034 

3 — 4 - 

42*70 

0*708 

OrJTS 

0 * 2(.)0 

0*020 

0*030 

o * o 2 ;J 

' 0 * 03 :i 

4—5 

43*72 

0*697 

I 

0*077 

0-249 

0*022 

0 * 0:n 1 

(,)*022 

0*037 


The ' table of molecular values shovvs tlic re- 
markable constancy in composition ot the clay 
colloids of the second, third and fourth depths, 
tlie only departure being a very slight increase in 
the Fe20;> and MgO content iu the fourth depth, 
suggesting their derivation from a common source 
or" similar reactions. If the three depths are 
c.oiisidered to be parts of the same liorizoii the 
following figures will indicate the analytical values 
for the clay of that horizon : 1-4 ft., 44*15, 0*708, 
0-076, 0-261, 0*020, 0*028, 0*025, 0*034, showing an 
acciimulatioh of silica, alum ina and iron oxide in 
this horizon, the former two cxtensivel}L ^The bases 
show no chnnge from their contents of the sinTaoe 
soil with the ex(‘eption of* a slight accnirn’iLition of 
soda. The clay ' content is al-io liigher, A high 
degree of translocation of the fimi colloids to these 
depths is indicated. The lower values for clay 
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siliciij and se>squioxi<le8 in the first depth point to rises to 740 in the third hu'er juid ivninins" ilioi- 
tlieir eluviatiou to lower depths owing to heavier line without furtiier cdijuig^* -this has prohahje 
rainfall in this regiejn,. The base content is imu3h. a connection with the liiglwr ennO'ut in the 

lower, Ca,() -p is balanced by MgO + K^O lower depths. 

in all the d<‘ptks. MgO + Na^O is in excess over As in previous ('ases. tlh‘ eiay in tin* heU depth 
GaO + NugO (pointing to a micaceous clay) and is niore quartzose tli.'Ui tin* f)rtn’ioiis ilir(*e d^ptiH 


the value inci'eases with depth., FL^O is sligl 
predoniinatiiig over RO. 

' d : ; Table VII , • 


Derived and property values 
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1 0 

I .-3 

T' 

5 ? 

|i 

j 

q 

* 

3 a 

-J2 . 

M 

0—1 

SI'S 

^ ■2*20 

9 • 21 ; 

2-91 

7- 0(3 

' S*20 

98*4 

0*84 

1—2 

3S7‘2 ' 

2-12 

9- (35 

2*72 

G'OO’ 

8-59 

03*r> 

7*10 

2--3 

/'87'7, 

'2-:I5 

9 -OS 

■ 2*78 

■.■G'95 


94*2 

7*40 

2—4. 

87- (3 

2-14. 

9-28 

2-SU,; 

7*14 

8*29 

94*1 

7*8(3 

4—5' 

»-3 


9-21 

3.84 

(3*(3t 

0*8# ! 

! 

915*«3 

7*88 


The figures in Table VII show that niore silica 
is solubilized and is present in depths 2, 3 and 4 
than what was jiresent in the surface layer. Trans- 
location of sesqiiioxides has also taken place as 
shown by SiOg/R^Os values, the inaxinium accu- 
imilation of alumina being in second depth arid 
of ferric oxide in the fourth, depth. In the upper 
layers the mobility of Fe.^Og is more than that of 
AI2O.3. The gradual increase of SiOo/Al^O^ values 
shows that alumina is leaving the complex while 
Si02/Fe203 values in the lower dcqiths show an 
accumulation of ^62(33 probably in the forin of 
free oxide. 

The eluviation of finer colloids, silica and ses- 
qiiioxides is due to a break down of the clay 
complex and products subsequently becoming 
‘more mobile show the process of typical tropical 
weathering. , ' 

The silica/base ratio is practically the same 
except in the last depth wiiere it is somewhat 
high due to a slight accumulation, as well as to a 
leaching away of silica owing to a definitely higher 
amount of precipitation of 50 in. annual rainfall 
The saturation of the clay with exchangeable 
bases is somewhat lowered owing to the partial 
]iydrogen:d.ioii of Uk^ cljiy due to hydrolysis under 
definitely liiimid and liot conditions. This is also 
reflected in the 'plL value the lowest 6*84 being 
showm by the surface layer. The S^alue gradually 


but less so than tli<‘ sartac<* la,yr wlion* the action 
of decomposit ion is most intcnsio 

The hiimid soils are developed, im.dj,*r a.n aaau'age 
annual rainfall of 40*0 in. and a mean aimiud 
temperature of 25*7®C. The sijrfa«;e layer is 
silty clay and the Iow(‘r liiy(*rs arc‘ clay loam. 

The average value of 2*81 for BiOo- AkG^ points 
to the colloid being a mixture of Ivaolinite and 
Pyrophyllite (Al20g, 4. Si02, 3 FRO), tfie former 
predominating. 

In the senii-arid and humid zom-s <jcc}ir bhu'k. 
brown and red soils, derived fimn almost all 
types of rock systems. Th(*se are not efhvay.s 
residues which have survis'ed weatheriug pro- 
cesses but are also tmnsporred s(,fils with adsoj'p- 
tion complexes of iron oxides am 1 si i icates . T1 1 ose 
produced from lime stones are naturally rich in 
lime content and are more alkali !ie in rfs'ugion, 
o.g. Surat soil developed from Nummulites ami 
Tabiji soil derived from igneous lime stoties. 
These soils contain a proportionately higher 
amount of silicic acid which is due to tlie removal 
of the bases of the alkali and alkaline eartii metals. 
An enrichment in both FcgOjj and ALO. is also 
noticed. 

The black soils are produccil from decomposi- 
tion of basalts gneisses and granites iiiostl}- in 
the scniharkl region. These soils are highly 
siliceous and contain soiuewliat lower amounts of 
sesquioxides than the brown soils. The, avmxige 
composition of clay from black soil profile is 
given in Table Vlll. 

Table.. VIII 


Average composition of clay —bbiek soils 
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Type-per-hmndd soils 

composition of clays--~inrAmmi(l type oj 
profile 
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q 

0^‘fX 

0—1 

44-03 

L 7.43. 

36- 

55 

10-27 

28-19 

0-44 

: 1-34 

2-14 

1-68 

1—2. 

45*74 

9*31 

36- 

43 

^ 9*09 

20-56 

0-36 

' 1-08 

! ' 2-45 

1-65 

2—2 

46-11 

9-78' 

36-: 

33 

9*01 

29-47 

0-34 

1-06 

2-33 

1-44 

3—4 

46-07 

10-76 

36-i 

21 

9-89 

29-73 

0-33 

0-91 

2-15 

1-58 

4—5 

47-21 

11-33 

35-J 

58 

10- 67 

29-97 

0-34 

0-90 

2-03 

1-76 
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0—1 

15-52 

0-564 

0-064 

0-277 

0-008 

0-033 

0-023 

0*027 

1—2 

23-87 

0-607 

0-063 

0-290 

0-006 

0-028 

^ 0-026 

0-027 

2—3 

, .26-77 

0-592 

()-062 

0-289 

0-006 

0-026 

0-025 

0*023 

3—4 

30-15 

0-60S 

0-062 

0-202 

0-006 

0-028 

0-023 

0-027 

4—5 

^ 24-OS" 

0-598 

0-067 

0-294 

0-006 

0-022 

0-022 

0-028 


The most notable feature in Table IX is the 
constancy of composition of the colloid, specially 
in the depths 2 , 3 and 4 . Leaching away of silica 
with consequent acouniulatioii of iron oxide and 
alumina is shown by both the first and the fifth 
layers. The figures for AlgOg, ^6203 and SiOg 
all show a downward movement of the colloidal 
complex. This is also shown by the finer frac- 
tion of the soil— the clay. All the bases, with the 
exception of CaO are present in moderately high 
amounts, probably due to the entry of these 
bases, at least some, into the clay lattice by the 
replacement of ions of, the hydrogen clay 
produced under the moderately heavy average 
annual rainfall of 98 in. This appears to be the 
most important soil-forming process in this region. 

All the bases show a higher accumulation in 
the upper layers than in the lower ones. B^O 
preponderates over RO and MgO -f KgO and 
MgO 4 - Na^O are in higher amounts than GaO -f- 
Na20 and CaO -j- K2O respectively, pointing to 
the presence of micaceous bodies. 


The highest amount of alumina is present in 
this type of soils, while both SiOg and FCgOg are 
present in much less amounts than in the humid 
or even in semi-^arid type of soils. This shows 
the removal of these constituents from the com- 
plex under conditions of very high rainfall, 97;7 
in. per annum and high average daily temperature 
of 24 * 4 T. 

The leaching down of alumina without sufficient 
SiOg to the depths is conducive to the formation 
of kaolin beds. 

Table X 

Derived and property values 
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% 
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Weatliering 
per cent 
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. 'Sd' 

fi 
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0 

'tj ® 

ftjpq 
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0 

ed 
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f9 . 

Q 

Combined I 

SiO a/bases j 

, q 

q 

Saturation I 

(Ex. bases) j 

per cent j 

■i 

O— 1 

83-3 

1-60 

9-29 

2-04 

7-88 

4-51 

57-1 

5-21 

1—2 

81^6 

1-73 

10-18 

2-11 

8-96 

4-87 

47-2 

5-04 

2—3 

78-7 

1-67 

10-30 

2-03 

8-81 

4-99 

45-S 

5-01 

3—4 

70-5 

1*69 

11-00 

2-06 

10-07 

5-31 

48-1 

5-01 

4—5 

77-8 

1-64 

* 10-50 

2-01 

9-40 

5-08 

49-3 

5-06 


The silica/sesquioxide and silica/alumina ratios 
show that the soil-forming process governing this 
region has brought about a definite decrease in 
these ratio's. The Si0.2/Fe203 and Al203/Fe20g 
ratios show a slight degree of fractionation of the 
colloid. The figures for Si02/R203 and 8102 / 
AI2O3 show that the soil-forming process has gone 
beyond the kaolinization stage and is proceeding 
towards the laterization process — the first stage 
of which is generally assumed to be kaolinization. 
The kaolinized product is first formed by silicate 
minerals undergoing hydrolysis, the alkaline solu- 
tions being removed away. Under conditions of 
high temperature, 244 '^C., and abundant moisture 
due to high rainfall, 97*7 in., this kaolin is further 
hydrolysed with separation and removal of silica 
to hydrated oxides of aluminium and iron. The 
figures for weathering show a distinct leaching 
away of soluble silica resulting into the complex 
getting more and more quartzose. The high 
degree of unsaturation of the exchange bases, also 
point to the process of laterization. This state 
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of uBsatiiration is also reflected in the values 
showing quite definite acidity. 

Sesquioxides are relatively high in proportion 
to silica but have not yet reached the extreme 
proportions characteristic of true laterites. The 
decreasing values for vSiOg/AlgOg show an accu- 
mulation of AI2O3 in the different layers, the 
highest being in the last depth. Higher values 
for Si02/bases in the lower layers show efiective 
removal of bases, and decreasing values for per 
cent weathering show removal of soluble silica 
from the colloid complex. 

The somewhat higher degree of saturation of 
exchange bases in the surface layer is probably 
due to the comparatively high amount, 2 per cent 
on soil, of organic matter present. Highest con- 
tent of organic matter is found with soils of this 
type. 

Most of the red soils including the so-called late- 
rite soils are formed in the humid and per-humid 
regions. Brown soils occur in the humid region ,)_i 
also. Some black coloured soils also occur in 
these regions produced under swampy conditions. 

In the humid and per-humid regions where high 
temperatures also prevail, a vigorous hydrolysis 
of silica and sesquioxides takes place, and the 
resultant colloidal iron oxide complex is diffused 
throughout the soil and endow it with red colour. 

These soils are not necessarily laterites in which 
the silica is also leached out w^hile in red soils 
silica accumulates. The average composition of 
olavs from, red and brown soils is shown in Table 
XL 
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Brown and reddish brown soUs 


4S - 6 {) 

9-0 J 

38-66 

10-03 

23-81 

1-26 

1*42 


m 

47-98 

S-46 

39-52 

11-35 

25 -84 

1-10 

1*44 

3-00 

2-65 

48-07 

7-83 

4024 


26-24 

M3 

vn 

. 2-81 

2*95 

48-70 

S-80 

30-90 

11-26 

25-57 

1-20 

i ‘ 3i 

2-56 

; 3'04 

48-50 

10-00 

. 38-41 

12-00 

25-10 

1 - 2.3 

1-38 

2*81 

3-32 



Calcareous 8 

oils 




45-84 

13-58 

32-26 

9-67 

19-39 

1 1 

3‘65 : 

3*52 1 

■ 

1 4*16 

4S - 2fi 

15-75 

32-51 

0-28 

IS- 70 

6-60 1 

2-59 

3-74 

3*39 

4 ( r76 

15-37 

31-39 

9- 14 

17-60 

8-43 

2*84 

3 * 6.5 

3-29 

46-40 

16-12 

1 

30-28 

S-40 

15 -. 49 ’ 

10*05 

2*60 

4 * 13 , 

3 * 57 ' 

48 - 0.3 

18-15 

30-78 

8-19 

KrUO 

9*03 

2-04 


4-14 


The average silica-sesquioxide ratios for the 
surface soils are given in Table XII. 

Table XII 
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Black soils . . . 

2-59 ± 0*35 
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Brown and red brown soilB 
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40*58 

.' 6*54 

34-04 
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0-46 
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1-56 i 0-18 
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1-2 
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32*74 

0*26 

0-94 

1-6S 
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2-15 i 0-25 
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APPENDIX 

CLIMATIC classification 
I. Soils op akio region 
Analytical values — fer cent on dry clay 


11. Soils op semi-aeid eegion 

Analytical values — jmr cent on dry clay 


Total 

silica 


Depth 
(in ft.) 


Combined 

silica 


iStaiiuii 


Quartz. 


1. Haj^ari 
Laliore 




- 1 C *07 


41*03 


48-22 


10‘50 


38‘82 


4 . Makrora 


33*00 


18-05 


53-00 


20*06 


49*07 


6. Xandy.-il 


51*00 


IDOO 


20-00 


9. Akola 


20-00 


station , 

Depth 

(inftO 

Quartz 

Combined 

silica 

Total 

silica 


AljOa 

CaO 

MgO 

KaQ 


1 . Mjrpurklias 

O—l 

12-45 

37*84 



50-29 

9*23 

23-51 

2-09 

0*80 

3-45 

2-71 

2 . Mianwali . 


11-27 

, 38-14 

49*41 

8-15 

20-30 

2-42 

4*01 

3-93 

,, 2*94 

:i. Lyallpur . 

■ 

12-11 

38-07 

50-78 

10*07 

21-23 

1-52 

1-00 

3*05 

7-72 ' 

4 . HarijHir (Hazara) 


12-21 

36*10 

48*31 

10*19 

22*08 

2*73 

3-13 

5*10 . 

3-52 

1 . Mirpurkluis , . 

1—2 

9-47 

40*19 

49*00 

10*32 

25-87 

2 ; 35 ' 

0-28 

3*55 

3-11 

2 . Mianwali . 


13-32 

39-71 

53*03 • 

7-01 

21-32 

2-38 

4-41 

3-18 

3-28 

Lyallpur . ■ 


11-57 

38-41 

49*08 

12-00 

, 19-39 

1*40 

1 -40 

3-39 

7-25 

4 . B ar i pur (Hazara) 


5-01 

41-12 

47-03 

11*30 

23-07 

1-53 

3-54 

5-45 

3*65 

1 . Mirpiirkhas 

2—3 

0*70 

40-88 

50-04 

10-49 

25-57 

1-33 

0-41 

1-42 

2*47 

2 . yiianwuli . 


13-00 

39-22 

53-21 

7*07 

20-20 

3-00 

3-00 

3-20 

, 1*72 

o. Lyallpur , 


13-10 

37*78 

i 

50-88 

11-80 

20-10 

1-27 

1-12 

3-44 

7*14 

4 . Haripur (Hazara) . ■ 


7-40 

40-48 

47*88 

11-18 

23-58 

1-33 

3-43 

4-90 

3-80 

1 . Mirpurkluis 

3—4 

12 - 5 S 

39*20 

51*78 

9-82 

25-82 

1-41 

0-37 

3-30 

• 2-30 

2 . Mianwali - . . 


12-04 

38-90 

51*00 

7-46 

18-78 

, '■ 3-35 

. 4*77 

2 - 32 ' 

2 -J )7 

3 . Lyallpur . . 


17-53 

30-15 

53*08 

11-87 

15 .)* 10 

1*18 

124 

3-12 

7-02 

4 . Haripur (Hazara) 


5 - 95 ) 

41-39 

47*38 

11*10 

23-20 

1-20 

'''. 3 * 38 '_ 

4-59 

P 88 

3 . Mirpiirklias 

4—5 

13-52 

38*84 

52*30 

10*82 

25-12 

1*08 

0*25 

3-02 

2-70 

2 . Miniiwali . 


20-45 . 

31-04 

51*49 

5-44 

18*77 i 

3*21 

4-42 

2-99 

4-32 

:L Lyallpur . 


J 8 - 0 O 

30*03 

54 -03 

. 13-72 

15*85 

1-21 

1-42 ■ 

2-01 


4 . Hari})iir ( Hazara) 


5-92 

41*34 

47-20 

11-79 

23-87 

1-24 

3-32 

5-49 

3 - 05 ^, 
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II. Soils of semi-aeid eegion— 


35.1 


Station 


DeptJi 

(in ft.) 


■' O-'-l 


10. Koilpatti . 
It. Coimbatore 
12. Indore 
10. Analvapallo 

14. Onrdaspnr 

15. Snrat 


1. Hajtari 

2. Lnliore 

0. Tabiji 


4. Makrera 


5. Dellii 
1). JS'aiulyal 
7, PadetMon 


S. Kiiarua 


t). A kola 

10. Koilpatti . 

* 

11. {■'oindiatore 

12. Indore. 

10. Anakapalie 

14. Onrdaspur 

15. Surat _ 

1. Hagari 

2. Lahore 

0. Tabiji 

4. Makrera . 

5. Delhi 

.0, Kandyal . 

7. Padegaon . 

8. Khavna 

9. Akola 

10. Koilpatti . 

11 . Coinibatore 

12. Indore 

19. Anakapalie 

14. Curdaspur 

15. Surat 

1. iragarl 

2. T.ahore 
:i. Ta7)iji 


2—3 


3—4 


4. Alnkrer.a . . 

5. Delhi 


Total 

siliea 

Quartz | 

|. 

Coiuldiied i 
sUka j 

FCaOa i 

AlA 

1 

CaO , j 

1 


K,0 


55*24 

r 

5*4.5 

'j- 

49-79 

7*79 

22*08 

. i 

2-28 1 

■■■' '4*71 i 

:0*92 1 

■ 2-80 

5.3*20 

12*(>0 

43*20 

10*30 

23*07 

0*08 j 

0*32 

0*97 

0*84 

55*1.4 

12*28 

42*80 

10*09 

23*02 

2*43 

3*18 ' 

3*59 

1*80 

44*19 

3*32 

40*87 

16*08 

21*79 

1*12 

2*25. 

2-10 

2*25 

43-12 

8*95 

.34*17 

11*14 

23-08 

2*71 

0'37 . 

2-59 ' 

4*77 

47*84 ' 

3*42 

44*42 

14*45 

24*21 

2*87 

M2 * 

0*00 

0*17 

50*08 

3*30 

47*32 

11*81 

25*44 

4*73 

0*40 

1*24 

t 

■ 5*32 

47*82 

5*07 

42*75 

1.3*24 

24*87 

1*07 

2*10 , 

3-40 

4-05 

50*00 

14*45 

3.5*01 

7*53 

24*23 

3*23 

0*20 

4*98 

' 2*24 

51*80 

15*09 

30*11 

10*97 

20*20 

1*47 

4*15 

3*35 

2-85 

40-00 

3*80 

45*74 

1.1*04 

23*00 

1*22 

0*83 

3*03 

■4-SO 

52*38 

3*54 

48*84 

11*03 

20*19 

1*08 

0*05 

1-14 

'*4-75 

51*02 

1-03 

49*39 

10*95 

10*. 50 

3*00 

4*80 

1-00 

4-10 

52*34 

8*79 

* 43*55 ■ 

8*89 

20*35 

4*00 

3*34 

1-90 

1-44. 

53*44 

8*22 ' 

45*20 

12*20 

22-08 

1*44 

2-24 

1*08 

, 2*«1 

50*30 

8*20 

48*13 

7-71 

21*08 

2*00 

4*00 

0*97 

,3*20 

52*87 

8*42 

44*45 

11*18 

25-09 

0*80 

0*.33 

0*.52 

, . 0-78 

50*05 

10*02 

49*93 

9*94 

21*37 

■2*38 

2*69 

2.00 

1-55 

45*37 

2*79 

42*. 58 

15*92 

22*91 

1*01 

2-10 

2*24 

" 2*20 

45*87 


40-03 

12*91 

28*10 

0*75 

■ . 0*,30 

2*59 

4*24 

50*95 

3*41 ! 

4 7*. 54 

10*15 

21*80 

1*08 

l*3-,t . 

:«*(), 5 

1 ' 3*00, 

50*09 

3*35 

47*34 

8*00 

24*52 

2* 69 

0-34 

0*97 

.5*59 

47*91 

5*49 

42*42 

11*27 

' 27*72 

0*95 

0*71 

' 4-95 , 

,3*45 

47*85 

8*87 

38*95 

9*00 

24*51 

3*02 

0-37 

2*01 

■ 3-OS' 

50*58 

13*59 

30*99 

10*73 

20-45 

2*24 

4*15 

3*05 

3-04' 

49*70 

3*82 

45*94 

13-37 

23*03 

l'S7 

0*3D 

, . ' 2-97 

'4*70 

51*50 

2*80 

48*70 

11-13 

25*90 

1-35 

0*90 

' 1*02 

4-29'': 

52*22 

1*00 

50-50 ■ 

11*42 

18*47 

2'in 

5*03 

0*47 

'■3*a0'' 

50*20 

8*02 

42-18 

9*24 

21*07 

3*95 

3*40 

2*03- 

0*70' 

53*41 

7*33 

40*08 

13*08 • 

, 21*27 ' 

1*03 

2*79 

1-Sl 

3-2S 

5.5*1 7 

8*73 

40*44 

0*80 

20*38 

3*17 

4*21 

0*94: 

• 3*0S 

53*33 

10*12 

43-21 

10*02 

25*00 

1*51 

0*30 

0*60 

1*34 

50*85 

0*09 

41*70 “ 

10*70 

20*04 

2*<10 

3*17 

^ ' . 2*07,' 

1*97 

4 1*01 

2*90 

# 41*71 

. 15*70' 

22-04 

1*23 

' ,• 2*12 

■2*3'i' 

2-28 

40*17 

5*03 

40*24 

11*07 

28*04 

0*77 

0*4.s 

■'■■2* 58'' 

, , „ 5-02 

50*39 

2*73 

■ 47*60; 

30*10 

22*22 

0*94 

,1*08': 

0-80 

2-30 

50*17 

3*34 

40-83 

10*23 

22-93 

2*04 

•0*45 

1*30 

"7-S'O'' 

49*42 

6-98 

42-44 

12*13 

20*10 

0*85 

0*71 

■; ■4-10;" 

4*10 

50*00 

10-25 

40*41 

10*12 

23*40 

', 2-44; 

0*49 

.,'2*44:' 

'"■".■A*oo: 

. 38*85 . 

8*20 

30*59 

9*54 

18*77 

10*07 

4*30 

■ ’ 2*09 

2-04 

52*14 

5*48 

j 4C-CG 

14-18 

21*79 

1-85 

0*59 

.,"■'2-92 

! . : 
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II. Soils op semi-arid rbgion~co??,cW 


■ 

station 

Depth 
(in ft.) 

Total 

silica 

Quart?. 

Combined 

ailica 

FejOa 

A]/)a 

CaO 

MgO ' 

K./) 

N%0 

. 6. Kandyai ■ 



3--~4 

s 

53*23 

2*04 

50*.59 

11*08 

25*43 

1*32 

0*49 

0-89 

5*16 

,7. Padegax)!! . 




52*21 

1*69 

50*52 

11*42 

17*85 

2*93 

4*37 

0*71 

2*82 

8. Kharaa 




51*49 

8*04 

43*45 

9*17 

22*15 ■ 

4*11 

3*25 

2*01 

: ; 2*38 

9. Akoia 




,52*91 

6*26 

46*65 

12*46 

22*56 

1*69 

2*02 

1*45 

■ 2*20 

10. Koilpatti 




454*01 

6*06 

47*95 

6*.52 

20*10 

4*28 

4*87 

0*97 

2-63 

11. Coimbatore 




53*43 

11*38 

42*05 

9*55 

21*43 

3*00 

0*26 

0-65 

1*47 

12. Indore 




52*21 

8*46 

43*75 

10*41 

23*07 

2*20 

3*22 

3*:i6 

2*06 

'13.. Anakapalle 




47*04 

2*40 

44*64* 

14*63 

23*44 

1*27 

2*10 

1*64 

^ . 2*.57 

14. 0urda»pur 




40*69 

6*08 

40*61 

12*65 

28*18 

0*72 

0*37 

2*. 39 

4*70 

111 . Surat 




50*47 

3*16 

47-.31 

15*82 

23*20 

0*80 

0*93 

0*89 

1*91 

1. Hagari 



4—5 

50*19 

4*44 

45*75 

12*41 

24*i>0 

2*00 

0--40 

1*23 

6*18 

2. Lahore 




48*19 

5*95 

42*24 ' 

10*84 

27*60 

1*18 

1*15 

8*83 

3*54 

3. Tabiji 




52*07 

18*99 

33*08 

9-68 

19*25 

3*42 

0*29 

3*01 - 

5*73 

4. Matoera . * 




39*85 

16*54 

23*31 

v8*20 

13*70 

14*85 

4*64 

1*70 

2*18 

5. Delhi 




.51*71 

5*86 

45*85 

13*49 

21*36 

2*98 

0*48 

2*69 

■ 4*22 

6. Nandyal . 




53*06 

4*77 

48*29 

10*94 

26*96 

1*40 

0*33 

0*83 

. 4*30 

7. Padegaon . 




37*98 

4*04 

33*94 

7*80 

12*95 

10*31 

2*67 

0*72 

4-45 

8. Khama 




50*33 

8*03 

42*30 

8*50 

21*19 

5*53 

3*48 . 

2*06 

1*54 

9. Akoia 




51*50 

3*72 

47*78 

13*00 

20-84 

1*99 

2*61 

1*52 

2*85 

10. Koilpatti . 




54*23 

5*16 

49*07 

6*10 

19*66 

4*44 

4*91 

1*00 

3-09 

11, Coimbatore 











.. 


12. Indore 




53*85 

12*04 

41*81 

11*11 

21*40 

2*05 

2*73 

2*74 

2-11 

■ 13, Anakapalle 




47*05 ■ 

• 2*34 

44*71 

14*98 

22*78 

1*45 

2*21 

1*73 

2*64 

14. Curdaspur 




46*37 

7*76 

38*61 

12*44 

26*83 

0*75 

0*47 

2*70 

5-25 

15. Surat 




50*87 

3*31 

47*56 

14*93 

20*79 

1*05 

1*40 

1*16 

2*24 


III. Soils of humid region 


Analytical values— per cent on dry clay 


Station 

.Depth 
(m ft.) 

Total 

silica 

Quart? 

Combined 

silica 

PeaOg 

ALO3 

Ca’O 

MgO 

E,0 

NejjO ' . 

1. Shahjahanpur . 


O—i 

54*19 

22*42 

31*77 

10*97 

19-70 

0*92 

2*34 

4*32 

2*06 

2. Samalkot . 



50*89 

2*71 

48*18 

11*10 

24*06 

0*97 

0*55 

2*60 

' 2*48:.'; 

3. Nagpur 



50*03 

5*01 

45*02 

43*8r 

24*00 

1*29 

0*36 

1*15 

:1*.53 . 

4. Powarkhera 



53-98 

11*49 

42*49 

9*13 

23*01 

1*97 

2*72 ■ 

1*00 

'1*38..; 

5. Labbaiidi , 



50*63 

8*92 

41*71 

11*14 

25*73 

1*03 

1*32 

2-18 

i)*08 

6. Chandkhiu*i 



45*54 

14*47 

31*07 

14*67 

25*47 

0*11 

0*49 

1*72 ■ 

'’'.l-'SS", 

7. Wai'a Seoni 



42*57 . 

2*26 

40*31 

12*37 , 

27*44 

1*33 

1*16 

.'.■■2*75-;: 

' ^■'"2*'56,. : 

8. Berhampur 



55*19 

10*29 

44*90 

11*79^ 

• 19*08 

0*94 

0-66 

3*24 

;'S*20:.. 

9. Kheri-Adhartal . 



51*99 

7*26 

44*73 

13*47 

23*46 

1*72 

0*60 

; ' 1*1.8: 

1*38 

10. Bunchi 



47*04 

9*51 

37*53 

11*63 

28*67 

1*37 

1*34^ ■■ 

.■ ■■.2*21'''' .V 

0*08 

11. Chinsura . 



49-90 

7*56 

42*34 

11-86 

26^29 

1*04 


■.:'2*51> 

2-26 
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III. Soils of humid reoion— comI(? 


Station 

Depth 

Cm ft.}. 

Total 

silica 

Quartz. 

(Combined 

ailici 

Ft-ijO;) 

AhO, 

GaO 

! ‘M'gO 

1 

i K,D 

1 ''NfiaO 

1. Stialijalianpiir . 


1—2 

4(>-12 

7*60 

38*52 

12-S7 

■ '29*27 

■ 0*68, 

! 

1 2*29 

4*10 

■ :i*5t 

2. Samalkot . 



50*74 

2*51 

48*2.3 . 

11*11 

24*50 

* 0*94 

1 ■ 0*42 

3*00 

.3*89 

3. Kagpiir . 



.51*12 

3*03 

47*49 

13*83 

. 22*97 

1*77 

0*60 

1*4.7 '. 

3*03 

4. Powarklit-ra 



56-23 

16*10 

40*13 

8-87 

22*77 

2*03 ' . 

2*31 

1*07 

1 ■■ ■ 0-74 

5. latlfharuU . 



52-01 

9*98 

42*03 

10-62 

20*80 

1*43 

1*52 

2-‘^7 

[ ' ■ 1-80 ■" 

f). Cliaiidkljuri 



40*98 

5*02 

35*90 

15-69 

29* f4 

0*23 

0*59 

2*17 

' ■■2*99 ' 

7. Wara Seoiii 



41*94 

1*40 

40*54 

13-10 

29*17 

1*03 

1*28 

2*45 

1 ' . 2*41 

8. Berhaoiimr 



51*40 

5*74 

45*00 

10-46 

24*05 

0*77 

0*58 

2*74 

' ■ , 2*33, 

0. Iviieri-Adiiartal . 



50*23 

5*83 

44*40 

: 13-4:1 

25*30 

1*56 

■ 0-43'' 

!*02 

0*97 

10. Eanclii 



45*13 

5-23 

39-90 

9*85 

33*12 

0*53 

1*27 

2*22 

1*00 

11. Cliinsura . 


2—3 

50-04 

7-28 

43*30 

11-90 

20*75 

1-70 

0*59 

2*20 

2-09 

1, Slmlijahanpiir . 


44-42 

'5*58 

38*84 

12-98 

31-20 

0*50 

2*37 

6-26 


2. Samalkot 



50-03 

2-40 

48* .17 

11-83 

25*89 

0*85 

0*33 

2*98 

■.3*56' 

3. Nagpur 



48-95 

2*28 

40*72 

13-94 

23*11 

1*59 

0*30 

1-45 

' 2*33 

4. Powarkhera 



56*39 

14-80 

41*59 

9-20 

21-84 

1*84 

.2*20 

1-45 

0-98 

5. Labhandi . 



50*75 

7-80 

42*95 

11-37 

25-97 

MO 

1*72 

1-08 

,1-91, 

0. Ciiandkiiuri 



41-04 

5-53 

30*11 

L5-37 

29-02 

0*22 

0*43 

2-05 

'■ 4*23 

7. 'VVara Seoni 



42-07 

1*33 

41*34 

12-2.5 

29*72 

0*07 

1*12 

2-31 ■ 

2*38 

8. Berhampur 



52-02 

4*90 

47*00 

0-78 

25*00 

0*68 

0*59 

2*97 

2*62 

9. Kheri-Adhartal . 



51-20' 

7*06 

44*14 

13-40 

23*94 

1*81 

0*61 

1*49 

2-00 

10. Eanclii 



47*72 

9*25 

38*47 

10-09 

30*95 

0-37 

1*15 

2-, 5.3, 

1-03 

11. Cbinsura . 



50*00 

0-18 

43*88 

1 1-97 

25*64 

MO 

2*01 

2*06 

' '2-U 

1. Shahjahanpur . 


8—4 

43*98 

0*80 

37*18 

13*04 

30*25 

0*50 

2*39 

4*2,2 ’ 

1*58 

2. Samalkot . 












3. Nagpur 



49*72 

2*20 i 

47*52: 

14*08 

22*81 

1-47 

0*4,3 

1*48 

”3*02, 

4. Powarkhera 



54*80 

11*99 

42*81 

10 12 

22*11 

2*00 

2*60 

1*42 , 

' 1-43 

5. Labhandi . 



50-35 

5*67 

44-08 

15 a3 

24*39' 

1*39 

1*90 

1*5'4 

■ , 2-33' . 

6. Chandkhiiri 



42-81 

5*89 

30-92 

10*46 

31*22 

0*20 

€*.37 

i " 1*47 ' 

■■ im „ 

7. Wara Seoni 



42-71 

; 1*81 

40-90 

11*84 

30*08 

0*92 

MO 

2-68 

2-45 

8. Berharapur ; 



50-72 

3*54 

47-18 

10*00 

20*22 

0*91 

0*05 

2*86 ■ 

■ 1-93' 

9. Kheri-Adhartal . 



53-03 

6*19 

40-84 

13*01 

23*32 

1*68 

0*42 

0*84 

' 0*72 

10. llanchi 



4.8-18 

10*70 

37-42 

10*18 

.30*30 

0*47, 

1*41 

. 2*. 57 

0-69 

11. Ciiinsura . 



50-15 

.0*18 

43*97 

11 -OO 

' 23-74 

1*71 

0*92 

'2*15 

2*09 

1, Sluihjahanpur . 


4—5 ■ 

45*30 

8*63 

30-07 

12-.59 

29-31 

0*54 

2*,52 

4-12 

2-34 

2. Samalkot . 












3. Nagpur 



49*04 

2*98 

40-00 

15-43 

22*44 

2*01 

0-38 

1*51 

2-81 

4. Poivarkhera 



55*49 

13*40 

42*09 

9-77 

22-42 

' 2*83 

'2‘84''" 

1*33 

1-53 

5. Labhandi . 



51 -.58 

8*31 

' 43-27 

■ ■ 12-24 : 

. : 24*52 

1*48 

: .■2*24',. ■ 

1*50 

2*17 

6. Ghandkhuri 



43*31 

2*71 

40-61 

16-9fl 

24*00 

0*22 

0-32 

1*50 

5*03 

7. Wara Seoni, 



: 42*28 ■ 

2*08. ■ 

39-00 

12*28 1 

20*62 

0*93 

1-07 

2*60 

2*39 

8. Berhampur . 



49*79 

4*24 

45*55 

9*74 

25*38 

0-88 ; 

0*03 

2*30 

2*65 

9. Kheri-Adhartal . 



55*65 

11*65 

44-00 

13*16 

■ : 22-64 

1*35 

0*41 

0*87 

■.,1*2,8 '• 

10. Pianchi 


- ■ 

: 51*25 ; 

14*97 

36-28 

9*25 

■ 28-05 

0*00 

1*28 

1-95" 

0*84 

11. Ohinsura . 



5G-S9 

6*93 

43*46 

11-81 

>,24-S9 

1*05 

0*90 

, 2*14 

1*69 
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Sons OP PEE-HUMID OR WET REGION 


1. Tnicca 

• 2 . 

2.. K'aii'ira 

•1. i,kar»!:oHir . 

5. TDliiianunLa 

0, Knrim.^iiHj 
T. Syllifi 

K. .Torililt 

1. ' Bncea 

2.. Sirs! ' . 

'?>. Knn.c-ra 

•k PtaTiqair . 

5. Taliiiarnnifai 
f>. Karinifjiuij 
7. Sylhot 
f5. .lopliat 

1. Dacca 

2. Sirsi 

n. Kail Sira 
4. Daiigpiu* . 
r>. TaiipJiruiiilifi 

0. Karini'-wiiJ 

7. Sylhct. 

8 . 

1. Dac<-n 

2. Siivii . 
fJ. TCntcjra 

4. rvaiisipur . 
Talipantmlia 

0. ICiU'i myall] 

7. Sylhcl 

8. .Torhat 

1. Dacca 

2. 8irsi . 

2, TCanjira 

4. JlaiiS'piir . 

T). Tiili]mr;na)>a 
ft. Raniiciaiij 
7. Syllict . 

5. Jorhat 


Depth 

Total 

(hi ft.) , 

1 

silica 





CiiO , . ,MgO . 1 KnO 


2 ( M 0 

0 - 4(1 

2-53 

3-10 

. ' 1*84 

24-85 

0-18 

1-55 

2-09 

: 0-24 

22 - or . 

0-22 

1 0 - 81 : 

1 - 4 () 

' 1 - 1:4 

02-44 

0-10 

0 - 1(1 

/ ■ 2-07 

1 - 3(1 

m<if) 

0-18 

Ml 

■ 4 ,:' 1 - 70 , '■ 


25*28 

1-12 

0-n 

'' ■ 2 - 24 '"'.' 

3-77 

22-10 

0-32 

1-74 

■ 4-71 

0 - 8(1 

27-18 

0-32 

0 - 0(1 

1-33 

0-42 

20 - 4(1 

0-43 • 

■ 2-47 

3-02 

2-05 

23-50 . 

0-10 

1-.57 

• 2*15 

0-78 

25-14 

0-1 n 

■ 0'03 

, 1-45 ' 

0-03 

32-15 

0-03 

, 0-21 

2-10 , 

: ' I-IO 


v ] COMrAEATlVIC STUDIES ON INDIAN SOILS, 11 357 

CaLCAREOIIS SOILS 


station 

Beptli 
(in ft.) 

Total 

silica 

Quartz. 

Combined 

silica 

IVijOa 

AUh 

1 

1 f ‘aO'' ' '■ 

! srgo 

1 ' ■ 

1C,0 


1 . Sakraiid . 



0—1 

01*41 

34*77 

. 26*04 

7*.54 

1 

17*30 

2*81 ' 

I 

0*79 

I 

'l*85 

' ' 1*59 

2. Ivaraciiii 




414)5 

4*99 

36*90 

9*42 

I8-.83 

5*84 

3*84: 

4*90 

5*40 

S, PesJiawar . 




48*84 

10*37 

38*47 

9*34 

25*02 

'3*27' 

3*99 

4*77 

' 2*81 

4.„Pnsa "V 




37*03 

4*44 

82*59 

10*74 

21*07 

7*59 

5*41 

1*92 

.7*53 

5. Padrauna . 




30*07 

13*34 

26*03 

11*30 

14*09 

7*77 

4*20 

4*10 

3*47. 

1. Sakranii 



1—2 

30*17 

29*01 

30*10 

8*09 

19*81 

2*17 

0*7S 

■ ' 2*00 

^2*40 

2. Karaelii 




43*1 0 

5*90 

37*17 

0*02 

18*56 

6*50 

3*71 

' . ■ '4*59 

. 4*93 

i?. Pestiawar . 




40*5.5 

7*75 

41*80 

10*07 

20*09 

2*09 

2*12 

4*13 

■ , 3*04 

4. Piisa 




40*32 

7*48 

32*84 

- 10*52 

19*17 

8*18 

2*97 

4*28 

’ 3*78. 

5. I^adrainia , 




50*09 

28*51 

20*.5S 

7*51 

9*85 

1.3*80 

3*30 

3*12 

„2*80 

1. Sakrand 



2—3 

55*05 

21*14 

• 33*91 

9*17 

21*94 

2*95 

' 0*82 

2*72' 

2*49,. 

2. Karachi . 




41*30 

5*07 

36*23 

0*30 

17*99 

8-00 

0*58 

5*10 

4*97 

3. Peshawar . 




" 48*84 

7*60 

41*18 

10*09 

23*47 

3*40 

3*69 

4*77 

3*26 

4. Pusa 




40*01 I 

15*81 

30*80 

: 10*83 

, 17*82 

6*88 

3*42 

. 2*94 

:3*44 

5. Padrauna . 




41*97 

27*10 

14*81 

■ 5*03 ; 

7*22 

20*91 

2*70 

2*73 

2*29 

1. Sakrand . 



3—4 

• 00*27 

24*07 

35*30 

8*41 

19*09 

1*45 

■ 0*.5.5 

' 2*13 

3*11. " 

2. Karachi . 




41*03 

5*79 

.30*14 

10*13 

16*00 

■ 7*84 

3*40 

. ■ 5*42- • 

"■ .5*30 

3. Peshawar , 




48*35 

7*50 

40*70 

9*69 

24*04 

3*87 

3*21 

, 3*43" 

3*70 

4. Pusa 




40*40 

11*65 

28*81 

0*50 

12*20 

32*81 

3*.50 

7*45 

4*24 

5, Padrauna . 




40*06 

30*01 

10*35 

4*19 

4*51 

24*70 

2*27 

2*21 

1*40 

1. Sakrand 



4—5 

57*72 

20*13 

BT'SO 

8*52 

21*12 

1‘50 

0*53 

' 2*50 

'3*56 

2. Karachi 




43*70 

8*71 

34*99 

8*98 

16*89 

7*87 

•3*02 

4*90 

5*27 

8. Pesliawar . 



* 

50*16 

11*07 

39*09 

9*65 

26*03 

2*83 

1*60 

4*88 

3*62 

4. Pusa 




42*18 

14*48 

27*70 

9*85 . 

1.3*82 

13*18 

1*84 

3*05 

0*35* 

5. Padrauna . 




50*91 

36*37 

14*54 

3*93 

0*55 

19*77 

2*59, 

' 2*63 

1*88 


CLAY ANALYSIS 

Average values 


Soil type 

Depth 
(in ft.) 

Total 

SiO. 

Quartz. 

Combined 

SiOg 

FeaOa 

[ Ai,0« 

CaO 

.MgO . 

' KaO 

■' '..Na#, " ■ 


0—1 

49*70 

12*01 

37*09 

9*41 

21*80 

2*34 

2*30 

. ■;',.4'0'3"'. 

4-22 


1—2 ■ 

49*93 

10*07 

* .39*86 

10*47 

■ ■,.22*50/ 

1*93 

2*42 


4*32 

Arid : ' ' .'r ■■ 

2—3 

50*65 

11*06 

39*59 

10*29 

22*38 

1*73 

2*16 ; 

- .' ■.3''26."'''l 

3*80 

Soils' 

'3-4 

50*96 

12*04 

.38*92 

10*08 

21*70 

1*80 

■ ' ,2*44 " 

"3-33 

■'■"'4*31 


' 4— 5>,' 

, 51*43 

14*02 

30*81 

li)*44 

20*00 

1*81 

,2*85"":' 

.:'3*60 

','4*41 


0—1 

50*06 

7*16 

43*80 

11*31 

22*01 

2*24 

2*12.'.' 

i", .'''' l-Ol 

'3*17.- ... 

Semi-arid 

'.'1—2' . ' 

51*.37 

0*85 

44*52; 

11*64 

23*10' 

2*00 

2*10 

2*02 

3-15 


2—3 

50*31 

0*30 

44*01 

11*31 

,2.3*20 

'. . ':2-02/ j 

1*00 

1-91 

1 

3-20 


0 
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■ CLAY ANALYSIS- cowA-J 


Avebage values 


Station 

• Depth 
(in ft,) 

Total 

SiQj 

Quarts:. 

Combined 

SiOa 

Fe.Oa 

AlaOa 

CaO 

KgO 

KaO 


Soils . . : 

3—4 

50-33 

6-03 

44-30 

11-33 

22*70 

■2-71 

1-90 

1-84 

3-35 


4—5 

49-09 

7-35 

41-74 

11-04 

21*41 

3-81 

1-98 

1-92 

3-59 


0—1 

50-17 

0-26 

40-91 

11-99 

24-17 

1-15 

1*12;, 

,: 2-35 

1*89 


1—2 

48-77 

6-39 

42-38 

11-98 

26*83. 

1-16 

1*08 

2-30 

2-07 

Hiimicl ^ , c •: 

2—3 

48-83 

6-11 

42-72 

1-2*02 

26-58 

1 1-00 

1*04 

2-48 

2-82 

Soils, . . ... 

3—4 

48-04 

6-10 

42-54 

12*52 

28-45 

1-14 

1-22 „ 

2*12 ; 

1 . 2-05 , ■ 


4—5 

49-47 

7-65 

41-82 

12-33 

1 ■ . 25-39 

1-21 

1*26 

2-03 

2-33 

Per-iiiimid 

0—1 

44-03 

7-48 

36-55 , 

10-27 

28*19 

0.-44 

i-34 

2-14 

1-68 


1—2 

45*74 

9-31 

36-43 

9-09 

29-56 

0*36 

1-08 

2-45 

1-65 

Soils .... 

2—3 ■ 

46-11 

9-78 

36-33 

9-91 

29-47 

0-34 

1*06 

2-33 

1-44 


3—4 

46-97 

10-76 

36-21 

9-89 

29-73, 

0*33 

0*91 

2-15 

1-58 


4 — 5 

47-21 

11-33 

35-88 

10*67 

29-97 

0-34 

0*90 

2-03 

1-76 


0—1 

45-84 

13-58 

32-26 

9-67 

19-39 

5-46 

3-65 

3*52 

4-16 

Calcareous 

1—2 

48-26 

15-75 

32-51 

9-28 

18-70 

6-69 

2*59 

3-74 

3-39 


2—3 

46-76 

15-37 

31-39 

9-14 

17*69 

8-43 

2-84 

3-65 

3-29 

Soils . . . . 

3 — -4 

46-40 

16-12 

30-28 

. 8-40 

15-49 

10-05 

2-60 

4-13 

3*57 


4—5 

48-93 

18-15 

30-78 

8*19 

16-00 

9-03 

2-4)4 

3*71 

, 4*14 


Colour olassipigation 

Grey and pink soils 


Station 

Depth 
(in ft.) 

Total 

SiOa 

Quartz. 

Combined 

SiOg 

FegO;, 

Al-aOg 

CaO 

MgO 

KaO 

KagO 

1/Mian\vali . 


0—1. 

49-41 

11*27 

38-14 

8*15 

20-36 

2*42 

4-01 

3-03 

2-94 

2, Gurdasiuir 



43-12 

8*95 

34-17 

11*14 

23-68 

2*71 

0-37 

2-59 

4-77 

3. Lahore 



46-97 

5-04 

41-93 

12*82 

24*38 

1-47 

2-29 

3-76 

5-23’^ 

4, ilirpurkhas 



50-29 

12-45 

37-84 

9-23 

23-51 

2-69 

0-80 

3-45 

2-71 

5. Makrera 



53-0(1 

20-06 

33-00 

10*44 

18-65 

1-86- 

3-78 

3-17 

2-89 

6. .Rangi)ur . 



50*06 

31-80 

18-26 

12*49 

22-56 

0-61 

3-50 

3-88 

2-36 

7. Berlmmpur 



55-19 

10-29 

44-90 

11-79 

19-08 

0-94 

0-66 

3-24 

3-29 

1. Miamvali 


1—2 , 

53-03 

13*32 

39*71 

7-61 i 

21-32 

2-38 

' 4-41 

•3-18 

■ ■ ,' 3-28 

2. Gurdaspur 



. 45-87 

5-24 

40-63 

12-91 1 

' 28-10 

0-75 

0-36 

2-59 

' ' 4*24 

3. Lahore 



47-82 

5-07 

42*73 

13-24 

24-87 

1-07 

3-10 

3-40 

4-05 

4. Mirpurklias 



40*66 

9-47 

40-19 

10-32 

25-87 

2-3.5 

0-28 

3-55 

3-11 

5. Makrera . 



51-80 

15-69 

36*11 

10-97 

20-26 

1-47 

4-15 

3-25 

2-85 

6. Rangpur . 



50-50 

23*83 

20*67 

8-90 

23-00 

0-30 

1-29 

5-78 

3*11 

7. Berhampur 



51-40 

5-74 

45*66 

10-46 

24-65 

0-77 

0-58 

2-74 

2-33 

1. Mianwali 


2—3 

53-21 

13-99 

39-22 

7-07 

20-20 

3-00 

3-69 

3-26 

1*72 

2. Gurdaspur 



46-17 

5-93 

40-24 

11-67 

23-64 

0-77 

0*48 

2-68 

6*02 

3. Lahore 

■J 

i 

47*91 I 

5*49 j 

42-42 

11-27 

27-72 

0-95 

0-71 

4-95 

3-45 
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COLOUB CLASSIFICATION — COUti 
Grey and jyink soils — contd 


Station' 

Depth 
(hi ft.) 

Total 

silica 

Quartz. 

Combined 

silica 

Pe.O. 

11, Oa 

DaO 

MgO 

KaG 


4. MIi’piurWiA« 



, g— 8 

50*64 

9*76 

40*88 

10*49 

25-57 

1-33 

0*4i 

1-42 

. 2*47 

5. Makrera 




50*53 

18*59 

36*99 

10*78 

20-45 

2*24 

. 4*15 

3*05 

. S*04 

Bangpur 




51*70 

12*20 

89*50 

8*80 

22-10 

' 0-32 

.1*74 

4*71 

C)*S6 

7. Berliampur 




o2*02 

4*96 

47*66 

9*78 

25-00 

0*68 

0-59 

2-97 

2*62 

1, MianwAli 



3—4 

51*00 

12*04 

38*96 

7*46 

18-78 

8*35 

4*77 

2*32 

2*97 

2. Gurdaspiir 




46*69 

0*08 

40*61 

12*63 

28-18 

0*72 

0-37 

2*89, , 

4*70 

3. Ijahore 




49*42 

6*08 

42*44 

12-18 

26-16 

0*85 

0*71 

4-16' 

4*16 

4. Mlrpiirkhaa 




51*78 

12*58 

39*20 

9-82 

■ 25-82 

1*41 

0*37 

3*30 

2*36 

5. Makrera . 




38*85 

8*26 

30*59* 

9*54 

18*77 

10*67 

4*30 

I 2*09 ; 

2*04 

(5. Kangpur 




55*95 

36*71 . 

19*24 

8*03 

22*72 

0-S8 

1*04 

4-11 

1*20 

7, Berlmmpiir 




50*72 

1 3*54 

47*18 

10-06 

26*22 

0-91 

0*65 

2*86 

1-93 

1. Mianwali . 



4— 5' 

51*49 

' 20*45 

31*04 

5-44 

18*77 

.3*21 

. 4*42 

2*99 

■ 4-32 

2* Giirdaspur 




46*37 

7*76 

38*01 

12*44 

20*83 

0*75 

■ ■ 0-47 

2*70 

5*25 

3. Lahore 




48*19 

5*95 

42*24 

10*84 

27*60 

1*18 

! 

3*83 ' 

3*54 

4. Mirpurklms 




52-30 

13*52 

38*84 

10*82 

25*12 

1-68 

I' 0-25 

3*02 

2*70 

5. , Makrera 




39*85 

16*54 

23*31 

8*20 

13*70 

14*85 

1 4-64 

1*70 

2*18 

6. Bangpur , 




55*57 

36*44 

19*13 

8*72 

24*11 

0*57 

1*71 

' ■3*92 

1*82 

7. Berliam}»ar 




49*79 

4*24 

1 

45*55 

9*74 

25-38 

0*88 

0*63 

2*36 

■■2-65- 


Black soils 

Analytical values — -per cent on dry clay 


Station 


Depth 
(in ft.) 

Total 

SiO, 

Quartz. 

Combined 

SiO, 

PegOs 

AhO, 

CaO 

MgO 

' KjO 

'KagO'''' 

1. Samalkot . 


0—1 • 

50*89 

* 2*71 

48-18 

11*10 

24*06 

0-97 

0*55 

• 2*60 

2*48 

2. .Nandyal . 



53*88 

2*53 

51-35 

11*07 

26*26 

1-64 

0-57 

1*08 

4*09 

3, Hagari 



53*08 

3*36 

49-72 

.10-40 

22*02 

2-75 

0-37 

0*83 

3*76 

4. Koilpatti . 



55*24 

5*45 

49-79 

7*79 

22*08 

' 2*28 

4*71 

0*92 

2-86 

5. Padegaon 



51*00 

1*69 

49-31 

11*00 

19*17 

3-22 

4-89 

0*66 

3-22 , 

6. Akola 



58*58 

8*10 

46-43 

11*52 

20-66 

1*94 

3*42 

1*20 

8*95 

7. Surat . 



47*84 

3*42 

44*42 

14*45 

'24-21 

\ 2*87 

1*12 

0*66 

0*17 

8. Kharua 



51*00 

8*03 

42-97 

8*70 

20*09 

4-09 

8-40 

2*18" 

'' 1*65 

9. Indore 



55*14 

12*28 

42-86 

10-09 

■ 28*02 

2-43 

3*18 

^S*59: 

1*80 

10 Xagpur . 



50*03 

5*01 

46-02 

18*81 

24*00 

1*29 

0-30, ' 

.1-X5'.', 

1*53 

11. Powarkhera 



53*98 

11*49 

42-49 

9*13 

23*01 

1*97 

2*72 

1-99 

1-38 

12 Eheri-adhartal 



51*99 " 

7-26 

44*73 

18*47 

' 23*46 

1*72 

0*60 

1*18 

1*38 

1. Samalkot . 


3—2 

50*74 

2*51 

48*23 

11*11 

24-50 

0*94 

0*42 

3*00 

3*89 

2. Nandyal . 



52*38 

8-54 

48*84 

11*63 

26*19 

1*67 

0*65 

1*14 

4*75 . 

8, Hagari 



50*68 

3-86 

47*32 

11*81 

25*44 

4*73 

0*40 

1*24 

5*S2 

4. Elollpattl . 



56*39 

8-26 

48*13 

7*71 

21*08 

2*09 

4*00 

0*97 

3-20 

6. Padegaon 



51*02 

1-63 

49*39 

10*05 

19*66 

8*00 

4*80 

1*00 

410 
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Black SOILS— 

Analytical mliies--])ef cent on dry clm^ 


Station 

Depth 

aot't.) 

To“tal 

SiO,_, 

Quartz, 

Coiubiuet 

SiO„ 

! . • 

FCjjOa 

1 Ai.Oa 

CaO 

MgO 

K.,0 

Na.O 

«. Ak(4ii , . . 

,1—2 

5.3-42 

8-22 

45-20 

12-20 

22-08 

. 1-44 

' 2-24 

1-08 

2*61 

7. Surat . . . 


,50-05 

3-41 

47-54 

lfrl5 

21-86 

1-08 

■ ' 1-34 

0-65 

3*00 

s, Khariia 


.52-34 

8-79 

4.3-55 

8-89 

20-35 

4-00 

3*.34 

1-06 

-1-44 

0. Truloiv . . 


59-05 

10-02 

40-93 

9-04 

21-88 

2-38 

2-69 

2-00 

1*5;5 

Hk Xajiifmr . . . 


51-12 

3-6.3 

47-49 

1.3-83 

22-97 

1*77 

0-00 

1-47 

3*03 

11. Powarkliora 


56*23 

10-10 

40-1.3 

S-S7 

22-77 

2-03 

2-31 

1-G7 

0*74 

12. Khoi'i-iulliai'tai 


56-2.3 

5-83 

44-40 

1.3-41 

25-36 

l‘.5G 

0-43 

1-02 

0*97 

3. Sani.alkot . 

2—3 

V 50-63 

2-46 

48-17 

11-8.3 

25-80 

0.-85 

0-33 

2-08 

3*56 

2. Xaudyal . . . 


51-50 

2-80 

48-70 

11-13 

25-90 

1-35 

0-00 

1-02 

4-29 

3. ITa^jrari . . . 


,50-60 

3-35 

47-34 

8-60 

24-52 

2-09 

0-34 

0-07' 

. 5*.59 .. 

4. JKoilputti . 


55-17 

8-73 

*46*44 

6-80 

20-38 

3-17 

4-21 

0-04 

3*08 

r». Pa<1a"aon . 


52-22 

■ l-OO 

.50-56 

11-42 

18-47 

2-01 

5-03 

0-47 

3*00 

n. Akohi 


53-41 

7-3.3 

46-08 

13-08 

21-27 

1-63 

2-79 

1-Sl 

: '3*28 

7. Surat 


50-3<l 

2-73 

47-66 

16-16 

22-22 

0-04 

1-08 

0-80 

'2-36 

3. Kharua- . . . 


50-20 

8-02 

42-18 

9-24 

21-07 

3-05 

3-40 

2-03 

0-70 

9. fiulnye . . , 


.50-85 

0*09 

41-7G 

10-70 

20-64 

2-06 

3-17 

,2-07 ■ 

1-97 

10. Na«r>ur 


48-05 

2*23 

40-72 

13-04 

23-11 

1-50 

'0-36 

1-45 

2‘33 

11. Powarkbcrn 


56-30 

14*80 

41-50 

0-20 

21-84 

1-84 

2-20 

i:-45 

0-9S 

1^2. Khfri'adlyrtul . 


51-.20 

7-06 

44-14 

13-40 

23*04 

1-81 

0-61 

1-40 • 

2-00 

1. Suiiialkot 

3 — 4 









■ ... .. 

2. Xuiulyal . . . 


.53*23 

2*64 

50-50 

|- Tl-OS. 

j, 25*43; 

'■ 1-32 ' j 

0-40 

0-89 

; -'.G-IO 

3. Hagari 


50*17 

3-34 

46-8,3 

10*23 

22*03 

2-64 

0-45 

1-30 

7-86 

4. TCoilijafti . . . s 


.54*01 * 

6*06 

47-0.5 

6*52 

20-10 

4-28 

4-S7 

0-07 

2-63 

.5. Padpfraon . . . 


.52*21 

1-69 

50-52 

11*42 

17*85 

2*03 

4 -.37 

0*71 

2*82 

fi. Akol.a 


.52-01 

6-26 

46-65 

12*46 

Of).r.iv 

ft —*.* 

1-60 

2-02 

1-45 

2-26 '■ 

7. Sura! ... 


.50-47 

3-16 

47-31 

15*82 

23-20 

0-80 

0-93 

0-80 

1*91 

H. Kharua 


51*40 

8*04 

43-45 

9*17 

22-15 

4-n 

3-2.5 

2-01 

, ' 2*38 

0. In.lorf* 


52*21 

a*46 

43-75 

10*41 

23-07 

2-26 

3-22' 

8-16 

2-06 

10. Xau'pur 


40-72 

2*20 

47-52 

14*68 

22-81 

1-47 

0*42 

1-48 

‘ 3-02 

11, Powarkiu ra 


.54*. SO 

11*09 

42-81 

10*12 

22-11 

2-00 

2-60 

1-42 

1-43 

12, Klu-i'i-adliartal , 

3. Samalkot , 

4„.5 

53*03 

6*39 

46-84 

1.3*61 

23*32 

1-68 

0-42 

0-84 

0-72 

2. XanOyal . 


53*06 

4-77 

48-20 

10*04 

26*06 , 

1-40 

0-33 

, 0-83 

4*30 

3. Ifjoiari 


.50-19 

4*44 

45-75 

12*41 

24*50 

2-00 

0-40 

1 *23 

6*13 

4, Jvoilf.atti . 


.54-23 

5*10 

40-07 

6-10 

10-60 

4-44 

4-91 

1-00 

3-09 

0, PailtHraoii , 


37,-08 

4-04 

33-04 

7-89 

12-95 

10-31 

2-67 

0-72 

4-45 

0, A kola . 


51-50 

, ,3-72 

47-78 

13-00 

20*83 

1-99 

2-61 

1-52 . 

2-85 

7, Surat . . - , 


50-87 ’ 

.3-.31 

47-56 

14*03 

20-70 • 

1*05 

1-40 

1-16 

■ ■ :2*24' 

S, .Khania 


50-3.3 

8-03 

42-30 

S-50 

21*19 

'y .,.5-53,."; „ 

3-48 

2*06 

1*54 

. 0. Tndova 


53-85 

12-04 

41-81 

11-11 

' , 21 -.40 " 

2-05 

2-73 

• 2*74' 

2-11 

10. Xaffpur 


49-64 

2-98 

46-60 

l/)-43 

22-44 ^ 

2-01 

0-.3S 

1-51 

2*81 

13. Powarkhora 


53-49 

13-40 

42-09 

9-77 

22-42 

2-83 

2-84 

1*33 

1*53 

12. Kheri*adbartal . 

1 

55-65 

11-65 

44-00 1 

13*16 

22-64 

i-55 

0-41 

0-87 

1-28 



V ] t!OMPAliATl\fE SfUDlRS OK 

Brown and reddish brown soils 


Btiltioii 

i)e))th 
(hi ft.) 

Total 

SiOj 

I Quartz, 

! . . 

Combined 

BiO, 

Ell A 

ALO, 

(JllO 

F" 

MgO 

KaD 

i ’ 

XaJ) 

1. Jo r hat 



O—l 

o3-27. 

26-05 

29- '^2 

S-ll 

23-3'.> 

0-27 

■ Cl -79 

1*66 

Ml- 

2. Sylhet 




40%10 

4-25 

36-25 

8-61 

30-00 

0-2.1 

1-43 

, , 2-16 

'■ 1-21 

J, Katiinganj . 




44-r)5 

4-25 

40-30 

9-80 

30-09 

O'lO 

2-81 

.3*25 

1-58 

4.. Warasconi' 




42-57 

2-26 

40-31 

12-37 

■27-11 

1-33 

M6 i 

2-75 ,.■ 

2-56 

5. Analiai)allc 




44-19 

3-32 

40-87 

16-08 

21-79 

1-12 

2-25'' j 

2*16' 

2-25 

0. Coimbatore 




55-26 

12-00 

13-26 

10-30 

23-07 

0-68 

■ . 1 

0-32 1 

0.I.I7 

9-r'4 

7* I’abiji 




48-22 

9-40 

38-82 

10-56 

18-81 

2-81 . 

0-23 

.•18 

3-4.5 

8. Delhi 




52-88 ■ 

3-81 

49-07 

13-31 

21-68 

1-67 

0-80 

2-77 

6*50 

1). Slialijahanpiir 




54-19 

22-42 

: .31-77 

10-'97 

19-70 

0-92 

2*3-l ■ 

• 4-32 

2-06 

10, Katigra 




40-44 

7-21 

39-23 

10*74 

2.V80 

1-38 

0-12' 1 

2-25 

3-89.: 

11. Lj^allpiir . 




50-78 

32-11 

28-67 

10-07 

21-23 

1-52 

1-60 1 

3' 6 5 ■ 

',,7-72 

12. Tlaripur (Haa) 




43-31 

12-21 

36-10 

10-19 

22-08. ' 

2-73 

■'3-13. j 

■ ' 5-.t0 

■■3-.52 „ 

1. Jorliat 



1—2 

55-27 

27-98 

27-29 

9-82 

22-96 

0-22 

■0-81 i 

1-10 

.M4 ■ 

2. Sylhet. 




44-50 

4-04 

40-46 

7-07 

34-S5 

0-18 

1*55 1 

■ 2-99'' 

0',2,4 , 

S. Kariniganj. 




45-13 

4-35 

40-78 

10*25 

30-10 

0-10 


3-10, 

1-84 

4. WarascoBi 




41-94 

1-40 

40-54 

13-16 

29-17 

1-03 

;i-28 

. 2-45 

2-tl 

5. ■Anakapalie 




45-87 

2-79 

- 42-58 

l.;>-92 

22-91 

1-01 

2-16 

’ 2-24 

2-20 

Q. Coimbatore 




52-87 

8-42 

44-45 

• 11-18 

25-09 

0-SO 

0-33 

O-'fyA 

'0-78 

7. Tabiji 




50-06 

14-45 

35-61 

7*53 

24-23 

3*23 

. . 0-20 

' 4-98 

2-24 

S, Delhi 




49-60 

3-86 

45-74 

I3-G4 

23-09 

1-22 

■0-88 

3-03 

4-86 

9. )Shahjaliani)ur 




40-12 

7-00 

38-52 

12-87 

29-27 

0-68 

2-29 

4*10 

1-51 

10. ICaiigra 




47-96 

9-18 

38-78, 

10-74 

25-29 

. 1-29 

■ 0-23 

1 

2-30 

3*67 

11. Lyallpur . 




49-98 

11-57 

38-41 

12-60 

19-39 

1*46 

1-40 

3-3'9 

7-.25 . 

12. Haripnr (Haz) 




47.-03 

5-91 

41-12 

11-30 

23-67 

1*,.>3 

3-54 

5-45 

3-05 

1. Jorliat 



2—3 

53-09 

23-03 

30-06 

10-01 

2.5-U 

0-1.5 

0-63 

1-15 

0-93 

2. Syllict 




, 48-72 

4-19 

44-53 

6*65 

33-59 

O-IO 

1-57 

2*35 

0*78' . 

3. Karimgaiij. 




43-83 

. 3-81 

40'02 

9-51 

29- 16 

(M3 

2-47 j 

3*02 

2-'05 ‘ 

4. Waraseoni 




42-67 


41-31 

. , 12-25 . 

.■29-72 

U'97 

1-12 1 

2-33 


5, Aiiakapalle 




44-61 

.2-';)o 

41-71 

15-76 

■ ■ '22-91 

i-2:l 

2*12 

2-31 

2-28 

0. Coimbatore 




o3*.13 

10-12 

43-21 

. 10-02 

25*60 1 

1-51 

0-30 i 

, , 1 

0-00 

1-34 

7. 'Pabiji 




47-82 

8-87 

38-95 

9*60 

21-51 ! 

3-02 

0-37 

2-01 

3'(,)8 

8. Deliti 




49-76 

3-82 

45-94 

13-37 

* 

1 23-63 

L-87 

0-30 

'"2-97.' 

4*70 

9. 81iabjaliani)ur 




44-42 

5-58 : 

38-84 

12-98 

31-26 

0-.5(.> 

2-37 

■ ■J>20': 


10. Kangm 




49-91 

9-84 

40*07 

i 10-14 

25-28. 

: ^ 1-12 

i. ''O-ll. '■ 

2-21 

3 '77 

11, Lyallpur . 




50-88 

13-10 

37-78 

ll-SO 

20-16 

1-27 I 

'1-12' 

3-44 

7-U 

12. llaripur (llaz) 




47-88 

7-40 

, 40-48 

11-18 

23-58 ! 

1-33 

3-43 

1-90 

3-89 

1. Jorliat 



. 3—4 

53-926 

26-16 j 

27-76 

11-93 

23-51 

0-20 

o-oo 

1-34 

1-08 

2. Sylhet 




46-31 

2-92. :i 

43-39 

5-15 

34-97 

U-10 

0-97 

'■ 2-55, 

1*36 

3. .Karimganj 




43-98 

■ 3*72; 

40-20 

10-88 

20-56 

0-45 

2-40 

:■.,; '■■■2-38'''- 

1*70 

4, Waraseoni 




42-71 

1-81 

40*90 

11-84 

30-08 

0-92 

I-IO 

"2-68 

2-45 

5. Anakapalle 


‘ 


47-04 

2-40 

44-64 

14-63 

23-44 

1-27 

2- 10 

' 1-04 ■" 

2-57 


362 
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Brown and reddish brown soils — contd 


Station 

Depth 
(in ft.) 

Total 

SiOs 

Quartz. 

Combined 

SiO, 

Fe*Oa 

AI 2 O 3 

CaO 

MgO 

K 3 O 

NajO 

6 . Coimbatore 



3—4 

53-43 

11-38 

42-05 

9-55 

21-43 

3-00 

0-26 

0-65 

1-47 

7. TaMJi 




50-66 

10-25 

40-41 

10-12 

23-40 

2-44 

0-49 

2-44 

4-06 

8 . Belhi 




62-14 

6-48 

46-66 

14-18 

21-79 

1*85 

0-59 

2-92 

4-24 

9. Shahjabanpur 




43-98 

6-80 

37-18 

13-04 

30-25 

0-56 

2-39 

4-22 

1-68 

lO.' Kangra , " 




49-06 

11-11 

37-95 

10-79 

26-00 

1-12 

0-20 

2-15 

4-03 

11 . Lyalipor . 




53-68 

17-53 

36-15 

11-87 

19-10 

1-18 

1-24 

, 3-12 

7-02 

12 . Haripnr (Haz) 




47-88 

6-99 

41-39 

11-16 

23*20 

1-26 

3-38 

4-59 

4-88 




4—6 . 










1 . Jorliafc 




48-37 

25-18 

23-24 

17-77 

21*95 

0-28 

0-64 

1-28 

1-08 

S. Sylbet 




48*10 

8-51 

44-59 

5-54 

34-54 

0-07 

1-07 

2-26 

. 1-41 

S* Karimganj 




45-95 

4-34 

41-61 

9-43 

30-55 

0-43 

1-68 

2-38 

2-31 

4. Waraseoni 




42-28 

2-68 

89-60 

12-28 i 

29-62 

0-93 

1-07 

2-66 

2-39 

5* Anakapalle 




47-05 

2-34 

44-71 

14-98 

22-78 

1-45 

2-21 

‘l-78 

2-64 

6 . Coimbatore 













7. Tabiji 




* 52-07 

18-99 

33-08 

9-68 

19-25 

3-42 

0-29 

3-01 

5-73 

8 . Delhi 




51-71 

5-86 

45*85 

13-49 

21-36 

2-98 

0-48 

, 2- 69 

4-22 

9. Shahjabanpnr 




45*30 

8-63 

36*67 

12-.59 

29-31 

0-54 

. 2-52 

4-42 

2-34 

10 . Kaiigra 




50-75 

14-61 

36-14 

10-70 

27-04 

J.-05 

0-50 

2-11 

3-86 

11 . Lj-allpur . 




,54-63 

18-60 

86-03 

18-72 

15-85 

1-21 

1-42 

2-91 

6-89 

12. Haripur (Haz) 




47-26 

5*92 

41*34 

11-79 

23-87 

1-14 

3-32 

5-49 

J 

3-65 


IV. Red OH lixivium soils 


Station 

Depth 
(in ft.) 

Total 

SiO, 

Quartz. 

Combined 
. SiOs 

FCaOs 

AI^O, 

CaO 

MgO 

K.O 

, Ka, 0 : 

1 . Haiichl 

0—1 

47-04 

9-51 

37-53 

11-63 

28-67 

1-37 

1-34 

2-21 

0-98 

2. Chandlshtiri 


45*54 

14-47 

31-07 

14-67 

25-47 

0-11 

0-49 

1-72 

1-88 

3. Taliparamba 


34-53 

■ 0-87 

33-66 

9-65 

34-90 

0-22 

1*01 

0-58 

6-30 

4. Sirs! 


35-21 

1-31 

33-90 

14-93 

29-30 

" 0-15 

0-94 

1-44 

1-35 

1 . .Kan chi 

1—2 

45-13 

5-23 

89-90 

9*85 

33-12 

0-53 

1-27 ^ 

2-22 ' 

, 1-00 

2. Chandkhuri 


( . 40-98 ■' 

1 ■■ ' 5-02 

35-96 

15-69 1 

29-64 

0-23 

- 0*59 

1 , 2-17 

2*99 

3, Taliparamba . 


38-68 

i 0-87 

37-81 

10-14 

36-86 

0-13 

0-78 

0*76 

0-27 

4. Sirsi 


38-42 

' 1-92 

1 36-50 

14-91 

1 31-35 

i 0-16 

. 1-12 

1-57 

1-25 

1 . Ranchi . . • 

2 — S 

47-73 

9-25 

38-47, 

10-09 

30-95 

0-37 

1-15 

■ 2-S3'' 

1-03 

2. Chandkhurj . 


41-64 

5-55 

86-11 

15-37 

29-02 

■ 0-22 

0-43 

2-05 

4-23 

3, Taliparamba 


38-95 

•85 

38*10 

10-70 

37-18 

0-32 

0-66 

1-33 

0-42 

4. Sirsi 


38-45 

2-24 

36*21 

15*51 

30*59 

0-18 

Ml 

1 70 

1-36 


v] COiviPAliATiVB STtiDiES OJt iKDtAN SOiLS, M ^ ^ ^ ,‘}6;i 

IV. Red ok lixivium soils— com<<I 


station 

Depth 
(in rt.) 

Total 

SiOa 

Quartz. 

Combined 

SiO, 

1 

F=0, i 

■ 

Al.Oa- 

CaO 


JvJi 

.N'a.O 

1. Ranchi 

„ 

, 3 -- 4 . 

48-13 

10-76 

37-42 

10-18 

30-36 

0-47 „ 

1-41 


0-61} 

2. Chandkhuri . 


, 42-81 , 

5-89 

36-92 

16-46 

31-22 

0-20 

' 0-37 

1'47 

' 4-28 

3. Taliparamba. 


40-79 

1-15 

39-04- 

9-41 

■ 37-13. 

. ' 

0-27 

0-98 

0-50 

4. Sirsi 


38-05 

1-76 

36-29 

15-12 

1 31-78 ! 

0-19 

i' ,0-08 ■' 

1-67 i 

1-28 

1. Eanchi 

4--5 

51-25 

14-97 . 

36-28 

9-25 

1 28-05 

0-60 

1 ; ■J'28 ^ 

1 1 '95 

1 0-8i 

2. Chandkhuri 


43-32 

2*71 

40-61 

16-99 

1 24-00 

1 0-22 . 

1 , ,0-32 

1 ^ 

: :vr.;j 

3. Taliparamlsa 


40-71 

1-33 1 

39-38 

9-49 

1 36-95 

1 , 0-10. 

I 

0-36 

! 0-92 

1 0*75 

4. Sir»i 

„ 

37-73 . 

2-16 

35*57 

1 15-51 

1 . 31-78 

r 0-14 

0-93 

1 i-39 

; 1 -32 

i.. 


CLAY ANALYSIS 

Average value 


Soil type 

Depth 
(in ft.) 

Total 

SiOa 

Quartz. 

Coml)ined 

SiO. 

Fe.,Gs 


CaO 

MgO 

.Ii.X) ■ 

' .Ka'..0 

j 


0—1 

49-77 

11-27 

38-50 

l()-87 

21-75 

1-81 

2-20 

3-,43 

■" 3-46 



1—2 

50-01 

11-19 

38-82.' 

l{)-63 

24-01 

1-30 

■■ 2-02 : 

3-51 ,'■ 

'3*28 

Grey and pink . 


2—3 

50-17 

12-22 

37-95 

10-06 

24-24 

1-33 

1-63 

. 3-28 ■ ^ 

■ 2-'74:. 



3—4 

49-20 

12-31 

30-89 

10-05 

23-81 

2- (51 

■ 1-83 

. 3-03 

^ ■ '2-77 



4—5,. 

49-18 

14-09 

34-11) 

9-46 

23-()7 

3*30 

1*90 

. 2-93 ■ 

3-22 

■ '' 


0—1 

52-30 

5-94 

46-36 

11-04 

22-67 

2-26 

2-16 

..l-SO''" 

2-30 



1—2 

52-96 

6-28 

46-68 

11-38 

22-79 

2*22 

1-99 

■■■ , 1-44' 

2-8S 

Black soils \ . ^ 


2—3 

51-81 

5-86 

45-95 

11-30 

22-44 ■ 

2-06 

■ ■ ^2-04' 

1*4.6; 

2-83 

, 


3—4 

52-21 

.5-4() 

46-75 

11-41 

22-33 ■ 

■■ ■2-30:, ' 

2-09 

,. 1-37, 

2-93 



4:— '5 

51-17 

6-69 

44,-48 

11-20 

.....21-43 

3-20 

i 

2-01 

" , 1-36 

2-94 

j 

r 

0—1 

48-60 

9-94 

38-66 

10-93 

23-81 ' 

1 

1-26 

• 1-42' 

2-77' 

'■.'■■'■'■•■■; 3-07;a.'" 



1-2 ' 

47-98 

8-46 

: ■:39-52: 

11-35 

25-84 

1-10 j 

; l-44 

3-00 

': : 2-#",. 

Brown and reddish 


2—3 

48-07 ! 

7-83 

■■40-24' '1 

11-18 

. '■26-24 

1-13^ 

'1*33';'' 

' '.S-Sl ■"'.■■ 

■■■■.■ ,;2-95.:'"''^' 

brown soils 


3—4 

.48-70. 1 

8-80 

39-90 , 

11-26 

j ■' '25.-57' 

j 

1-20' 

1-31 

2-56 

3-04 



4—5 

48-50 1 

10-06 

. , :'38-44 

12-00 

■. 25-10 '■ 

'1-23'' 

"',l-38' 

2-81 

3-32 



0—1 

40-58 

6-54 

34*04 

12*72 

1. ■ 29-59 

0-46 

0-05 

1-49 




'. "l— 2 ■ 

40-80 

3-26 

37-54 

12-65 

■ 32-74 

0-26 

0-94 

1-68 

■.■;.1.3S'Y:. 

Red soils . . -! 


2—3 

41-69 

4-47 

\..\37-22.. 

12-92 

31-94 

0-27 

0-84 

1-90 




3— 4' ■„ 

42-40 

4-89 

37-57 

12-79 

' 32-63 „ 

0-25 

■0-76''. '■' 

'165 '■'■.;. 

I'm: '■ 

.1 

_,.4— 5;' 

43-25 

5-29, ■ 

37-96 

12-81 i 

30-35 


0-73 

1-46 

'’■.'2-14 '..■:■ 


A RELATIVE STUDY OR SOIL AND ARTIEIOIAL 

SOIL MOISTURE 


MULCHES IN CONSERVING 


BvDalip Singh, M.So.{Punjab), Ph.D.{Cantab.), Agricultural Chemist, Punjab Agricultural 
College, Lyallpur and Sukh Dayal Nijhawan, M.So., Soil Physicist, Dry Farming 

Research Station, Rohtak 
(Received for publication on 8 May 1944) 

(With three text-ligurcs) 


The effect of artificial mulches such as those 
of straw and paper has been studied in the western 
countries, more especially in the United States 
of America, in great detail. Harris and Jones 
[1918], working under dry farming conditions, 
came to the conclusion that straw mulches were 
more effective in preventing evaporation than 
soil mulches. Similar results were obtained by 
Martin [1935] in Africa, and Shaw [1929] in U.S.A. 
Smith [1931] studied the effect of paper mulches, 
and found them very efficient in conserving mois- 
. ture. A conference on mulching was held in 
Leningrad, U.S.S.R., in 1932 and as a residt of 
the discussions held there, it was agreed that paper 
mulches conserved more moisture, and were more 
effective than soil' mulch. Maher [1936], while 
reviewing the work on. mulches, also came to the 
same conclusion, i.e. artificial mulches conserve 
more moisture than soil mulch. 

Recently, the researches of Blomqoist [1940] 
in Finland, Paul [1941] in Ceylon, Turner [1940] 
in Trinidad and Beach [1941] in U.S.A., again 
support the findings of other workers regarding 
the efficiency of artificial mulches. Russell [1940], 
however, maintains that artificial mulches are 
only effective during periods- of frequent rains, 
but are of little value when rains are scanty. 

No work of this nature has been reported from 
any quarters in this country. Therefore, ex- 
periments were conducted to study the relative 
effect of soil and artificial mulches under dry- 
farming conditions at Rohtak, The importance 
of this work is greatly enhanced, from the point 
of view of dry-farming studies, as the main problem 
in this case is to reduce evaporation to a minimum 
and conserve maximum amount of moisture re- 
ceived in the form of rainfall for the use of the crop. 

A detailed investigation on the relative effect 
of soil mulch and weeding out has already been 
submitted by the authors for publication, and the 
work reported here is in continuation of that 
work. 

m 


Tlie experiments were carried out in (i) pots, 
(ii) observation plots, and (iii) randomized field 
experiments. 

ExperIxMental 

I . Pol exyperiment 

Twenty-four pots, each 18 in. long and 1 ft. 
in diameter were placed under the following treat- 
ments : 

1. Artificial mulch 2 in. thick. 

2. Artificial mulch 4 in, thick. 

3. Soil mulch 2 in. thick. 

4. Soil mulch 4 in. thick. 

5. Soil mulch 0 in. thick. 

6. Control (without mulch). 

Each pot was filled with 80 lb. of medium loam 
soil, leaving 4 in. of empty space at the top. 
Mechanical composition of the soil is given 
below : 

Clay 8ilt F, Sand CaCog 

(0*002 mm.) (0.02 mm.) (0*20) 

16*31 - ' 35*80 ^ 50*38 0*22 

There were four replications of each treatment, 
and the d^rta was examined statistically. To 
each pot were added 18 lb. of water on 20 July 
1937, and immediately -after the addition, eight 
pots were covered with artificial mulch’ of 
bajra stalk {Pemiisefum-lyphoideum), The remain- 
ing pots came into ' wattar ’ condition on 
26 July 1937, and excepting four pots which, 
were to serve as controls, the others were cultivated 
to different depths to form soil mulch 2 in., 4 in. 
and 6 in. deep. The pots were kept in the open, 
but were embeded in the soil in order to ensure - 
uniform conditions of temperature. They were 
weighed from time to time, and losses of moisture 
from them were determined. The results are 
given in Table I. 
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. Table I 


Loss of moislure from pots under straw, and soil mukh in Ih. 


1 




First perio 1 

21 ,lul.y 1907 to 9 M iy 1908 






20/7 

to 

0/8 

19/8 , 

01/8 

. 

20/9 

lono 

21/12 

:i 2/ 1 

12'2 

12 41 

1 2 '4 

9/5 


20/7 ■ 
10^7 

1087 

1907 

1907 

1907 

1907 

1907 

19:58 

190S 

1908 

1908 

1908 

Arfeificial mulcii 2 in. . . 

1-80 

2*0(5 

4*12 

1*87 

4-4*00 

2*50 

5*00 

+ :+19 

1*87 

1*5(5 

l.'aO 

0*80 

Artificial mulch 4 ill. 

1*81 

1*44 

4*44 

1*04 

* +0*00 

0*02 

5*5(5 

+ 0*00 


2*00 

‘ 2*00 

0*40 

1 ' 'Soil imilcii'2 in. , ■ ■ ■. 


1*50 

1*75 

0*54 

+ 1*02 

1*0(5 

4*00 

-i-M2 

1*50 

2*12 1 

Ml 

1*00 

f „ , „ 4 in. , . , . 

.'7'12 

2*10 

2*;:;i 

0*17 

+ 5+50 

0-94 

4*00 

i 2*;51 

Ml) 

1*50 

bSl 1 

2-41 

j’ . „ 'ein. ' . 

7*:U 

l*7o 

2*25 

0*17 

'+41*75 

I'On 

5+75 I 

, +2*:u 1 

M2 

1*44 i 

i'8i : 

2*20 

;• Control .y . , 

7-12 

y25 

0*94 

0*8G 

1 +4*00 

1*44 

1 1*(;2 I 

•;-2-8i 

i*;)8 i 

1*01 ' 

M2 , 

0*72 

i Observed P . 

<0'01 

<0*01 

<0*01 

<0*01 







' - + ! 


Critical difierence . . 

2-(>4 

0-G2 

1*05 

0*77 




■ '.j 





1 S, E. per cent mean . 

y ' ^ ^ — 

KrS 

9*8 

11*2 

0*0 




1 ■ I 



■ 'i 

1 ■ '' 



Secjiid j eriod II) May to 1 Juae lltoS 


! 

10/5 

to 15/5 

155/5 1908 

1908 

■ 

17/5 

19538 

19/5 

1933 

21/5 

1908 

24/5 

1908 

. 

27/5' 

1938 

. 1/0 , . 
1908 

, 

' 

. 



Straw mulch 2 in. 

. 5*09 1*75 

M9 

1*«2 

■ 1*94 

1*44 

0*75 

0*19 

— 


■ . , ,, ,, 


„ „ 4 in. . 

4*75 1*00 

1*31 

1*10 

1*88 

1*50 

M53 ' 

0*,02 





Soil ,, 2 in. . 

7*518 0*()2 

0*09 

0*02 

0*75 

081 

0*09 

0*50 



, . 


„ ,, 4 in. , 

8*81 0*81 

0*19 

0*5(5 

0*09 

■ 

0*81 

0*02 

, 0*153 


.. 1 

. .. 


„ „ C> in. . 

S*(i9 1*0(> 

0*25 

0*50 

0*09 

0*50 

0*50 

0*25 


... ! 



Control . . 

9-00 2*13 

1*13 

0*50 

0*38 

0*44 

0*02 ' 

' 0*13 1 



' . i 


Observed P . . . 

. <0*01 <0*01 

<04)1 I 

<0*01 




•• ■' .'■! 





Critical difrcrencG 

,0*535 0*48 

0*42 

0*23 


.. 



! , * *, , 




S. E. j)er cent mean . 

9*20 21*80 

1 17*0 

0*0 




■ 


! ■■ 

!, 4 



First jjef ml 20 July 1937 lo 9 M to those from controls. On 51 August ^1957 

There was intense evaporation from all the pots montli and a half afte^r the start of the cxpcri- 
other than those under artificial mulch from 20 ment), the losses of moisture from the artificiai 

to 26 July 1937. The loss of moisture during became significantly higher tlian^ those 

this interval was significantly less from pots under ^der all the other treatments. From this date 

artificial mulch than from pots under other treat- onward till 9 May 1938, the ^ losses from arti- 

ments (from which the loss was nearly the same), ficial muhdi remained the highest, followed by 

The loss of moisture from the pots under artificial those under soil mulch, and were lowest in the 

mulch and those under soil mulch and the control of control pots except after a shower of rain 

was 1*26, 7*12 and 7-12 lb. respectively. When September 1937, when the evaporation 

pots were weighed after 14 days on 9 t;he controls was slightly more than those 

August 1937, the loss of moisture due to evapora- under soil mulch, but the differences were not 
tion from the pots under all the treatments was significant statistically, 
the same except from the controls, which recorded 

greater losses. On 19 August 1937 (a month Seeonil period 10 May to 1 June 1938 

after the start of the experiment), the losses from It was decided to study the effect of artificial 

the pots under artificial mulch became more than mulches on the conservation of moisture during 

those under soil mulch, and were almost equaF ‘ the driest and the hottest month of the year, but 
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it was observed that bulk of the water bad already 
evaporated from the pots, and moisture content 
bad fallen much below the wilting coefficient 
{5’37 per cent). Therefore, 19 Ib. of water were 
added to each pot on 10 May 1938. Soil became' 
fit for cxiltivatioB on 13 May 1938, and soil mulch 
was formed in pots under this treatment. Losses 
of moisture from 10 to 13 May 1938 were least 
from the pots under artificial mulch. These re- 
sults again support the observation already made, 
viz. the loss of moisture under artificial mulch' 
is least in the beginning. However, one note- 
worthy difference is, that the absolute loss from all 
the pots xvas higher during this period of three 
days than it was in six days interval from 20 to 
26 July 1937. On 15 May 1938, two days after 
the formation of soil mulch, the evaporation from 
the pots under artificial mulch became more as 
compared to soil mulched pots, but was less than 
those of controls. However, on 17 May 1938, 
the loss from pots under straw mulch, became 
even more than the control pots. Loss of moisture 
remained ■ highest from straw mulch till 27 May 
1938, when it became more or less the same from 
other treatments. 

When straw mulch 2 in. thick is compared with 
4 in. thick it is observed, that there are more losses 
from 2 in. thick mulch in the beginning, 
but after 10 to 15 days these become more from 
4 in. straw mulch. In the hot season total loss 
of moisture was more from 2 in. straw mulch. 
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A 2 in. mulch is quite adequate in winter, but 
during the summer 4 in. mulch is decidedly better. 
Harris and Bracken [1917] recommpxd 2 in. thick 
layer of straw, but the results at this station show 
that thickness of mulch depends on the season. 
Absorption of rain tmter 
All the pots were weighed on 20 September 
1937 and 12 January 1937, after 2*69 and ITO in. 
of rains respectively. The results show that 
there was more absorption of rain water under 
straw mulch. The data obtained on 20 September 
1937 is not significant but those obtained on 12 
January 1937 gave statistically significant figures. 
Total loss of water from the pots during the first 
period from 20 July 1937 to 9 May 1938 
Total loss from each pot on different dates, 
and the percentage loss of the water added for 
both the periods are given in Table 11. 

Wh en the pots u nder straw mulch are compared 
with those under soil mulch it will be seen that 
the total amount of water lost remained less, 
from pots under straw mulch from 20 July to 
31 August 1937. On this date, 53-4 and 62*8 
per cent of the total water added had evaporated 
from straw, and soil mulch respectively. ^Later 
on the total amount of water lost from straw" 
mulch became more, and on 12 April 1938, 22-6 lb. 
of water were lost as against 20-9 lb. from soil 
mulch, wdiich means an extra loss of 2 lb. of water 
under stra w mulch. The straw mulch pots did not 
show any marked variation amongst themselves. 
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Table II 


Total loss of moisture from 20 July 1037 


. 

20/7 

1937 

0/S 

.3937 

T” 

19/8 

1937 

31/8 

1937 

13/10 

1937 

2/12 

1037 

12/2 

1938 

12/3 ■ 
1938 

12/4, ' 
1038 

Artificial mulch 2 in. 



1*88 

3‘94 

8-06 

9*94 

12*44 

17*44 

19-31 

20*94 

22-44 

» }} 4 in. 



I'Sl 

3*25 

7*00 

9*31 

12*94 

18*50 

20-0(5 

20*14 

. 

: 22*88 

Soil „ 2 in. 



e-04 

8*44 

10*19 

11-69 

11*75 

15-75 

17*25 

10*47 

20*81 

„ „ 4 in. 



7*12 


31*62 

11-75 

12*69 

16-60 

' 17-88; 

19-14 

;"',21*25.,;',' 




7-31 

9*06 

11*31 

11*44 

12*44 

U5-19 

17*31 

IS-oO 

i0*56 

Control . • . 



■ ■■7*12'' ' 

iim 

• 15*31 

15-94 

17*38 

1 / *3o 

20-38 

20-i:a.' 

21*08 

Observed P . , . 



i <0'01 

<0*01 

<0*01 


<0*05 

>0*05 

>0-05 

>0*05 

>0-05 

Critical difference 



2*64 

2-94 



2*73 





S. E. of mean . 



16*S , 

13*2 

S*80 i 


6*9 

■ 8*2 

4*2 


3*9 


Pereentaje loss of moisture of the total water added on 20 July 1037 


Artificial mulch 




10*3 

20*0 

43-8 

53-5 

' 70-5 

1 09*8 

109-4 

114-1 

1-25 0 

Soil mulch 




39-r> 

49*6 

61*3 

62*7 

68-3 

90*0 ■ 

'.„97-l/ 

105*9 

116-0 

Control 


• 


30*6 j 

63*2 

85-0 

' : ■ ■ 8S*’5; 

96-6 

■ 105*6 

113-2 


126-7 
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Table 11—cmtd. 





Total less of moisture from 10 May 1938 




■ 10 / 5 : 
to 

1275 

1938 

15/5 

1938 

. . ■ 17/5 

1938 

19/5 
. 1938 

'■ ' 21/5 
M938 

21/5 

1938 

■ 

flioh 

ro 

1938 

straw mulcli 2 in. 




5*29 

7-44 

8-63 

10-25 

12-19 


14*50 

14-75 

„ 4 in. 




4’75 

f)-25 

7*50 

8-50 

10-31 

12-ifO 

13- 13 

13-50 

Soil „ 2 in. 




7*38 

8-00 

8*69 

9-38 

10-12 

10-94 

11-03 

12-12 

■ „ ^ 4 in. 




8-81 

9-63 

9-75 

10-31 

11-00 

11*81 

12-44 

12-56 

„ „ r> in. 




8*69 

9-69 

9*94 

10-44 

11-12 

<11-09, ; 

, 12-19 

1 12-44 

Control 




9-06 

11-19 

12*31 

12-88 

13-75 

14- 19 , ^ 

, 14,- SI 1 

15-00 

Observed P 




<0-01 

' <0-01 

■ <0*01 , 

<0*01 1 

<0-01 

"<0-01 ■ 

<0-01 

■ <(H)1 

Critical difference 



• 

f>S0 

0-44 

. ' ■ 

0*31 

0*93 

0-9S, ■ 

1-05 

1-05 

1-05 

S. E. of mean 



. 

3-8 ■ 

i 5-4 ■ 

■ 3-4 i 

2-3 

2-8 

'2-7 

■ 2-6 

i . 2-S 





' Percmta(/e loss of 'moistitre of the total water added on It) Mtin 193S 




Straw mulch 




29*0 

38*0 

' 44*3 

52-1 

'02*5 

1 " 71-2 : 

! ' 

76- S' ; 

78*7' , 

Soil mulch 




46-0 ’ 

50-6 

■52*5 

55-8 

' 50-8 

j 03-8 ' 1 

'■ ",67-2 

68*7' 

Control 




50*3 

62-2 

69*3 

71*5 

70-4 

1 ■ 70*7 

82-3 



Trout pots under soil mulcli 39*5 per cent of and 58-3 per cent respectively. Later on, the 
the total water added had disappeared within ' total water lost became more from straw mulch, 
six days, the time required for attaining ‘ wattar ’ On 1 June 1938, 73*2 and 67*1 per cent of water 
condition and the preparation of soil mulch. After added w’as lost from the pots under straw' and soil 
the formation of soil mulch the rate of evaporation mulch respectively. After the formation of soil 
greatly slowed down from these pots. From mulch the evaporation from these pots decreased 
26 July to 9 August 1937 loss from soil and axti- considerably. From 13 to 15 May 1938 there 
fioial mulched pots amounted to 10*4 and 9*7 was a loss of 4*4 per cent from the pots under soil 
per cent and that from 9 to 19 August 1937 amount- mulch, while from the pots under straw mulch 
ed to 11*7 and 23*8 per cent respectively, of the loss was 8*1 per cent. Later on, losses from soil 
total water added. mulch on different dates amounted to 2 to 3 per 

In the controls moisture losses were more, and cent, while from stmw mulch they varied from 5 
on 31 August 1937. water lost was 88*8 per cent, -to 9- per cent. On the other hand, in controls 
while in the case of pots under artificial mulch there was a gradual loss, 

and soil mulch it was 53*4 and 62*8 per cent res- . The water lost betw'een dijfferent dates w'ent 

pectively. This difference narroW'ed down with on decreasing with time, and it ranged' betAveen 

time and on 2 December 1937, the total Avater 10*9 and 1*0 per cent during 15 May to 1 June 


lost from all the pots became the same. 

Total loss of vxiter from fots during second period 
.from 10 May to 1 June 1938 

The straw mulched pots lost 27-2 per cent of the 
total moisture from 10 to 13 May 1938, a period 
which took other pots to come into J wattar ’ con- 
dition. During the same period, the soil mulched 
and control pots lost 45* 1 and 46-3 per cent of the 
total water added. The total percentage loss 
remained less in straws mulch till 21 May 1938, 
when it became equal to the water lost from pots 
under soil mulch. On this date the percentage 
moisture lost from straw and soil mulch wras 58;4 


1938. Total w'ater lost during this period from 
pots under strawq soil mulch, and controls WAas 
73*2 , 67*1, and 76*7 per cent respectively, the 
loss being maximum from controls, and minimum, 
from soil mulch. 

Meteorological factors and evaporation 

Wlien the rate of eA^aporation during the two 
periods is compared, it wnll be observed that 
greater evaporation takes place in the second 
period than in the first. During the first six days 
of the first period from 20 to 26 July 1937, there 
was loss of 10*4, 39*5, and 39-5 per cent as against 
27*2, 45*1, and 46*3 per cent in first three days of 
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tlie second period (10 to 13 May 1938) from pots 
under straw mnlcli, soil mnlcli, and oontrols 
respectively. After a period of 1 9 days, percentage 
loss of water in the first period was 19'8, 49*6, 63*2, 
and in the second period it was 74*7, 65*4, and 75*3 
per cent, from the straw miilched, soil mulched 
and control pots respectively. From the 
meteorological data given in Table III it will 
be seen that dry conditions prevailed in the 
second period and it is due to this intense 
drought that greater losses occurred. 

Table III 



Temperature 

Relative 

Satura- 

tion 

deficit 

Wind 

Dates 

Max. 

Min, 

liumidifcy 

velocity 

20 July to U) August 
1937 


79*5®F. 

73 

14*12 

0*5 

10 May to 6 June 1938 

108-0°P. 

8o*s“r. 

34 

30*04 

10*2 


The dry weather increased evaporation much 
more in pots covered with artificial mulch than 
in others. The increase in loss through evapo- 
ration ill the second period fdue to more dry con- 
ditions) when compared with the first was more 
from pots under straw mulch than soil mulch or 
control pots (51*9 per cent in straw mulch as again 
16*8 and 12*1 per cent from the soil mulch and 
control pots respectively). 

Distribution of moisture in different layers 

In order to ascertain the distribution of moisture 
in pots under different treatments, soil samples 
were obtained, in three sections, 0-3 in., 3-6 in. 
and 6-12 in. The first sampling was done on 
13 October 1937 when the sowing of winter crops 
starts, and the second on 9 May 1938, when maxi- 
mum amount of moisture had evaporated. The 
results are given in Table IV. 


Table IV 
Moisture as percentage on oven dry soil 





Artificial muicli 


Soil mull‘li 


Control 

Observed P 

c. D, : 

S. B. mean 




2 in. 

4 in.. 

2 in. ■ 

4 in. 

Oin. 

0-3 in. 



.. 14*00 

13*04 

7*39 

13 OetoOer 191 
! 7*84 

17 

7*17 

2*97 

<0*01 

3-76 

12*6 

3-fi in. 



13*25 

15*73 

9*83 

10*18 

9*06 

9*09 

<0-01 

2*08 

8-1 

0-12 in. 



14-54 

14*79 

10*13 

12*96 

13*03 

0-98 

<0-01 

1 ' . 2-48 

6*5 

0-3 in. 



0*91 

0*94 

0*02 

9 May 1938 
1*09 

1*56 

0*04 

<0*05 

0*59 

20*8 

3-0 in. 



1*97 

• 1*55 

1*41 

1*95 

2*57 

1*34 

<0*05 

0*84 

• 15*5 ; 

C-12 in. 



1 3*94 

3*70 

1 

3*05 

1 

i 3*47 

8*85 

3*23 

<0*05 

0*61 

6*2 



On 13 October 1937, moisture in all the layers 
of pots under straw mulch was much higher than 
those under soil mulch, or controls. In 0-3 in. 
layer of pots under straw mulch moisture was 
14*00 to 13*64 per cent, while under the soil mulch 
and the controls it was 7*60 and 2*97 per cent 
respectively. In one foot layer, there was about 
4 and 6*5 per cent more moisture present in pots 
under straw mulch, than those under soil mulch 
or controls respectively^ Moisture under cover 
of 2 in.' and 4 in. thick straw mulch was the same. 

Under soil mulch there was about 2 per cent 
more moisture than in controls. In pots under 
soil mulch of different depths, there was no 
difference except in 6-12 in. layer of the pots under 

2 in. soil mulch, in which case there was about 

3 per cent less moisture than that under 4 in. or 
6 in, soil mulch. 


On 9 May 1938 moisture fell much below the 
wilting coefficient in all the depths. At this 
stage there was no significant difference between 
the moisture content of pots under artificial -or 
soil mulch, though the pots under mulches con- 
tained more moisture when compared to con- 
trols, but significant differences were observed 
only betwen 6 in. soil mulch and control. These 
results suggest that in summer season a deeper 
layer of soil mulch is more effective. 

II, Observation plots 

In September 1937 plots measuring 33 ft. X 
16| ft. \\ ere laid but in fields 92 and 78, represent- 
ing two extreme types of profiles met at the station. 

Mechanical analysis of these types is given in 
Table V. . 




V ] 


STUDY OF SOIL AND AKTIFICIAL MULCHES 


369 


Table V 

MecJimmal (tmhfsis 
(Percentage on oven dry aoil) 



Field Xo. 78 


FieUINo 

. 02 



Olay " 

Silt 

F. Sand 

C. Sami 

Clay 

.Silt 

F. Sand 

C.,Sa,iMi 


0*002 mm. : 

0*02 mm. 

0*2 mm. 

0*4 mm. 

0*0f;2 mm. 

0*02 mm, : 

0*2 mm.," , ■ , 

0*4 mm. 

0-6 in. . 

0-25 

24*30 . ' 

05*38 

i 

1*07 

! . 16*31 j 

35*80 

50*38 

. * ' 

6-12 in. . 

i 13*50 

10*32 

67*50 

1*50 

21*65 

40*04 

1 38*25 

■■..,0*05 

2 ft. ; ■ . 

21*02 

■ 22'30 

54*05 

1*0S 

34*08 

32*58 i 

] 

1' ' 31*52,. 

' '■ 0*53 ' ' 


In each of these fields two plots were laid out, January to 17 June 1938, the differences wtvo 
one was covered with a 3 in. thick layer of plant more in the heavy type than in the li,uht tvpe 
trash, and the other occavsionally cultivated 3 in. except on 26 January 1938, wlien there ^vas 0*73 
deep to form soil mulch* The covering was per cent more moisture in the ligltt type timn 
done immediately after a shower of 2*19 in. on heavy type in 2 ft. column of tiie soil. From, 
16 September 1937, and the soil mulch was pro- 5 to 25 April 1938 there were no differetices in the 
duced with the help of a spade as soon as the plots case of light type, but froni 25 April 1938 onwards 
attained ‘ wattar ’ condition. Moisture was again difterences developed, and moisture in arti- 
estimated on different dates down to 2 ft.‘ ficial mulched plots became more than soil mulched 
depth, and results are given in Table VI. plots, and this difference persisted till 7 June 1938. 

The data from the plots support the results In the heavy type, moisture in the artificial 

already obtained from the pot experiments. There - mulched plots remained always more than soil 
has always been more moisture in artificial mulch mulched plots, the difference on 7 June 1938 in 
plots than soil mulch, throiighout the period from 0-6 in., 6-12 in. and 2n(l ft. being 2*09, 3*09 and 
18 September 1937 to 17 elune 1938. Differences 1*67 percent respectively. On tlte same day in the 
were more marked after tlie winter rains on 1 corresponding layers of light type the (lifferences 
January 1938 than daring the period from 18 were much less (being 0*09, f^42 and 0*37 per cent 

September 1937 to 1 January . 1938. From 1 respectively). 


Table VI 
Ohsermtions plofs. 

(Pra’Cf'ntago OB oven dry soil) 


Bata? (1037-38) 

IS'O 

30*10 

2 *12 

3*1 

28-1 

25-2 

26*3 

5*4 

36*4 

25*4 

6*5 

15-5 

27,5 

.7*0 






Field No. 92 










Artificial mulch 

0-6 in. 

22* 10 

10*51 

7*53 

6*69 

12*44 

13*08 

12*42 

12*15 

11*62 

10*46 

9*46 

8*33 

6*31 

6*87 

6*02 

Soil mulch 

0-6 In, 

18*60 

8*07 

7*07 

6*48 

17*24 

10-98 

6*97 

4*05 

4*05 

4*59 

, . 

6«57 

' 3*22 

8*.«>7 

2*87 

3-11 

Artificial mulch 

6-12 In. 

21*68 

14-66 

12*15 

9*48 

15*56 

12*12 

12*84 

11*87 

12-05 

11*00 

33*54 

10*10 

7*90 

■8*21 

S-28 

Soil mulch 

6-12 in. 

10*02 

13*13 

12*22 

10*37 

14*44 

11*61 

9*vS3 

10*34 

7*23 

9*15 

9*24 

5*07 

8*37 

5*94 

5*19 

Artificial mulch 

2nd ft. 

20*20 

17*38 

15*51 

6*34 

14*48 

14*96 

15*82 

12*28 

15*34 

15*97 

15*48 

13*36 

12*80, 

13*23 

12*07 

Soil mulch . . . ! 

. j 

2nd ft. 

14 *20 

14*01 

U*77 

12*33 

12*65 

12*34 

11*67 

14*75 

11*36 

11*71 

11*30 

U‘SJ 

10*65 

9-96 

10*40 






Field No. 78 










Artificial mulch 

0-6 in. 

15*3.5 

'8*80. i 

6*40 

6*27 

14*44 

13*28 

10*95 

5*91 1 

6*00 

4*66 

1 6*57 

5*66 

3*01 

3*14 

2^65 

Soil mulch 

0-6 in. 

10*00 

7*20 

5*32 

4*27 

15*50 

3:g2 

3*75 

4*04 

4*54 

4*50 

3*95 

2*70 

2*47 

2*56 

2*50 

Artificial mulch 

6-12 in. 

15*57 

11*04 ' 

0*03 

8*07 

12*08 

12*35 

12*25 

7*90 

7*03 

6*63 

8*98 

8*50 

1 5*94 

5*26 

4*91 

Soil mulcli . . . i 

^6-12 in. 

10*42 

10*33 

S*47 

7-71 

13*25 

10*01 

8*07 

5*60 

7*15 

5*29 

6*05 

3*50 

5*84 

4*20 

4*43 

Artificial mulch . . , 

l2nd ft. 

15*50 

12*98 

11*20 

10*35 

11*08 

11*87 

11*82 

10*09 

10*66 

10*15 

0*67 

12*93 

9*10 

8*47 

8*20 

Soil mulch 

1 2nd. ft. 

I0*.52 

12*10 

10*48 

10*03 

11*06 

10*32 

9*82 

9*79 

10*00 

7*97 

9*08 , 

7*54 

8*86 

8*12 

7*89 
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III. Randomized field experimen ts 

Two types of soil, light loam and medium loam, 
were selected for this work. In each type of soil 
eight plots were h? id out, and the treatments were 
arraDged in paired groups, four plots being under 
each treatment. The size' of each plot was 33 ft. 
X 10 ft. The experiment was started in the 
beginning of March 1939. Instead of bajra stalks, 

. which were used in the observation plots, cotton 
stalks were used as artificial mulch. 

Soil moisture 1939-40 

MoivSture determinations were started from 27 
March 1939, and were carried out till 1 April 
1940, when cotton was sown in these plots. 
During this interval 20 samplings down to 3 ft. 
depth were made and moisture determined. The 
results are given in Tables VII {a) and VII '(6). 

Before 27 March there were 1-42 in. of rain which 
were received in foiir showers. Due to these 
rains there was increase in all the layers down to 
3 ft# in plots under artificial mulch in the 
light type, but in the case of heavy type there 
were no differences. There were differences in 
the moisture content of all the layers of the light 
type till 12 April, but on 30 April they disappeared 
in 0-6 in. layer, though differenees in the lower 
layers were significant. Summer rains started 
from 6 June 1939, and the moisture estimated on 
30 June after 2*79 in. of rains showed that 
though there was more moisture in the artificial 
mulched plots in the light type j’et there 'were no 
such differences in the case of heavy type. 
Due to subsequent rains the differences between 
the artificial and soil mulched plots of the heavy 
type also became - significant on 19 July 1939. 
The differences were more in the heavy type than 
in the light type. 

From 19 July to 2 August tliere'were no rains, 
and the results of moisture estimated on 22 August 
show that there was no difference in the artificial 
mulched and soil mulched plots of the light type, 
though there were significant differences in the 
case of the heavy type. From this date onward 
there were no significant differences, but after 
a shower of 1*09 in. on 18 September differences 
again became significant in both the soils, and they 
persisted till 19 October. On this day there was 
more moisture in the artificial mulched plots 
dowm to 2 ft- depth. There 'were no significant 
differences from 19 October 1939 to 13 February 
1940. During this period though the differences 
were not significant there '^'as more moisture, in 
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the artificial mulched plots and the differences 
were mo.re in the/ heavy type than in ‘the light 
type in which differences were small and insigni- 
ficant. Moistu.re; estimated on 13 February after 
3*03 in. of rains show'ed that the differences be- 
t ween the treatirien ts had become again signi- 
ficant, and there were significant differences in 
each layer down to 3 ft. depth. These differences 
persisted till 30 March 1940 when cotton w-as sown 
in the light type. Maximum differences occurred 
in the surface 6 in., and they decreased with the 
depth. Saving of moisture due to artificial mulch 
in 3 ft. column of light and heavy types was 2*11 
and 1*26 per cent respectively. ^ 

Moisture estimated after the rains showed that 
there was al'w^ays more moisture (2 to 3 per cent), 
and it travelled to deeper depths in the artificial 
mulched plots than in the soil mulched plots. 
During rainless periods there were losses of niois-' 
tures from the plots under both the treatments, 
but the losses 'were more from artificial miilcli 
than from soil mulch. 

Soil moisture 1940-41 

After the harvesting of cotton, moisture was 
estimated on 25 December 1940 (Table VIII), and 
on this date there was no difference between the 
moisture content of the mulched and the unmul- 
ched plots. Mulch Was spread on 19 January 
1941 after 2*42 in. of rains. Moisture estimated 
on 14 February 1941 sho'wed that there was more 
moisture in the plots under artificial mulch . From 
14 February to 18 September 1941 moisture w^as 
determined after a shower of rain, and the results 
obtained show that there was more moisture in 
all the layers of the artificial mulched plots. From 
18 September to 8 November 1941, there 'v.-ere 
no rains, and the moisture estimated on 8 Novem- 
ber 1941 sho'^ved that there W'ere no significant 
differences betw^een the moisture content of plots 
under both the treatments. In the upper first 
foot layer there w' as slightly more moisture in the 
plots under soil mulch but in the third foot layer 
of the artificial mulches there w-as 1 per cent more 
moisture, there 'was always more absorption 
of rain water by the plots under artiScical mulch, 
and these results support the data obtained in the 
previous years. 

Discussion and conclusion 

According to Leather [1908] capillarity starts 
from the surface, and suction pressure is developed 
'as a result of increased curvature of water films 
canned by' the evaporation of water from the soil 




Table YII{a) 

FIELD^Fo, 78 

Field ex'perimeni I 

(Moisture as percentage on oven dry soil) 




V] 


STUBY ^01?: SOIL AKB AETIFICIAL MITLCTIES 


$n 




Table VIII 


Field experimmil II 
(Moisture as percentage on oven di'y soE) 


Bates 

14/2/41 

18/.5/41 

16/6/41 ■ 

■ 

1.3 H 41 


■Id 1/41 







0-6 in» 





Rainfall ' , 

V . 




0-82 

2*26 

2*51 

5*36 

■3*02' 

iiil 

Ai'tifloial muiclr . 





14- 79 

18-24 

. 13*79 

17*42 

18*96 

3-85 

Soli nmldi . 





10-56 

8*23 

■ 7-61 

15-11 

10-85 

4*71 

Observed value of P 





«)*01 

<0*01 


<0*01. 

<0‘0J 

■<03)5 

S. K. per cent mean 


• 



1-3 

' 5*1 ^ 


4*0 

S-T 








6-/2 in. 





Artificial niulcb 





18-21 

11-36 

13*75 

15*10 

14*17 

7-81 

Soil miiich . 





10-96 

8*71 

11-11 

12*83 

' ,12*51 

8-61 

Observed value of P 





<0-05 

.. 



•<0*05 


S. E. per cent mean 





8-8 

■- 



3*2 








end ft. 





Artificial mulcli . 





I 8*94 

9-16 

12-56 

13*86 

14-65 

11-22'' 

Soil mulch . 





7*98 

7*64 

9-90 1 

11-80 

13*26 , 

11-22 

Observed value of P 





>0-05 

[ 



■ <C)*01 

... 

S. E. per cent mean 





io -0 




2-2 








■3rd ft. 





Artificial mulch . 




• ! 

j 7-59 

7.91 

8*86 

iO-04 ‘ 

13*86 ^ 

1 12-27 ' 

Soil mulch . . 





8*14 

■7-74 

■S-26 

0*84. 

11-SS 

1 ' 11-28"., 

Observed value of V 




'i 

>0*05 




<0-01 

; , <0-05 

S. E. per cent mean 





5-1 




5-1 '■ 

1 ^2-4 ,, 


surface. This pressure decreases with the depth. 
Conseqxieiitly water can rise to the surface only 
from a limited depth. The effect of mulches 
will therefore be limited to the depth from which 
water can rise, and will be more effective in the 
surface layer than in the lower layers. The results 
of experiments condiLcted by us support the con- 
clusions drawn by Leather and -furtlier supported 
fay the work of Sen [1930] and Carberv and 
Chakladar [1936]. Differences in the moisture 
content of soil mulched and artificial mulched plots 
on different dates are given in Table IX. 

Table IX 


(Moisture as percentage on oven dry soil) 


Dates 

0-3 in. 

3*6 iu. 

6-12 in. 

2ikI ft. 

, 3 rd ft. 

24 February 1940 

7-06 

6-59 

2-48 

0-01 

1-57 

4 March 1940 . ..1 

4-83 

8-96 

2-12 

1-63 

1*94 

80 MArcU 1940 . 

5-94- ; 

3-20 

2*04 

1*92' ■■ ■ 

1-75 


These- data clearly show that 'due to .mulching 
there can be more inoistiire in the upper layers 
than in the lower layers, and conservation effect 
of mulcli starts from the surface. 

The results of ])ot and field experiments show 
that soil under artificial mulch can absorb more 
water than under soil mulch, as the v'ater which 
passes througli a layer of artificial mulch is pro- 
tected from direct lieat of the sun and the desic- 
cating influence of the wind. Soil temperatures 
under artificial mulch are always lower than those 
under soil mulch or unstirred plots (Fig. 1). There- 
fore, after the rains the moisture under artificial 
mulch is always higher. During winter when 
conditions are less dry there is nxore a1}Borption 
of water than in summer when cotnparatively 
dry conditions prevail. 

When rains stop, there is intense evaporation 
due to increase in atmospheric temperatures, fall 
in relative humidity, and higher status of mois- 
ture in soil. During this period soil h too wet. 


t> 


i 
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Soii Mulch 


Artificial Mulch 



Fio . 1. Soil temperatures 


and cannot be cultivated to form a mulch. 


from tlxe soil under artificial mulch (Figs. 2 and 3). 


ailU. UcllLUUL UK: m LI v ct UVJ iwxJLii c« ixj.i.vi.'w'it . .jL-jLij. — *11 

it attains that condition (3-6 davs period), 39*5 It is only due to the initial start which soil under 

. , . . . , ' r* • 1 !_ !. j-\xrn.v 


to 46-3 per cent of tlie totiU moisture present is 
lost. During the same period the losses from the 


artificial mulch acquires that there remains over 
a certain period more moisture under artificial 


iUoO, UJM-’ V,. - ^ . . 

artificial mulcli are 10-4 to 27-2 per cent. After mulch, otherwise soil mulch is more effective m 
the formation of soil mulch, losses become more conservation of moisture. It is therefore not 


Artificial Mulch 

If ff 

Soil Mulch 





9*4 laO 31.4.37 


fJl.4.S4 f».5.38 




Fig. 2. Total loss of water from 20 J uly 1,937 
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correct as Biaintaiixed by workers like Harris and 
Jones [1918] that artificial mulches are more effect- 
ive than soil mulch in the coBservatioii of moisture,. 
The obvious conclusion is that artificial mulch 
protects the s jil from the heat of the sun, while 
soil niulch, in addition to it, also breaks the ca- 
pillary connections and this slows down the up- 
ward movement of moisture. 



It is only for a certain period after the appli- 
cation of water that a soil under artificial mulch 
coiitains more moisture, and this period depends 
on the meteorological conditions. During summer 
when dry conditions prevail this period lasts from 
20 to 30 "days, that there is a significant difference. 
During winter when the temperatures are low 
and less dry conditions exist, differences are more, 
and remain for a longer period. From 19 July 


to' 2 August in a period of 14 days there was a 
decrease of 8*70 and 7*83 per cent, and from 13 
February to 4 March in a period of 19 days there 
w?is fall of 6*04 and 5*07 per. cent of .moisture from 
plots-. under artificial and soil mulch respectively. 
Unlike the , observations of Kusseil [1940], the 
artificial ■m.iilch has been observed to retein more 
moisture tliaii .soil mulch even during rainless 
periods, but ' this duration will depend on the 
meteorological conditions. 

■ YiELI)" of the CBO-P 

Cotton crop was sown on 2 April 1940 and barley 
on 11 October 1941. After sowing of the crop 
artificial' mulch ' -was removed. ‘The yields in 
pounds per acre of both the crops are given in 

Table X. 

Table X ' . • 



Seed ' P 

cotton : 

Barley - 
grain 

^ .P . 

Artificial mulch . 

1423 1 

<0*05 

100 

>0*05 

Soil mulch 

541 j 

. ■ 11.9 

119 : 

i 

** 


The normal time for the sowing of cotton is the 
month of April or May, but under dry farming 
conditions cotton cannot be sown during these 
months for wuxiit of rains. Therefore, it is sown 
at the end of June or the beginning of July when 
the monsoons break, but then it is- very late. The 
crop sown so late yields very low as it is left with 
a small growing period. It was therefore decided 
to ascertain whether by the application of arti- 
ficial mulches the moisture conserved due to 
winter rains could be carried to the month of April, 
and cotton sown in these plots could yield well. 
The results show that yields of cotton obtained 
from the plots under artificial mulch are much 
higher than those under soil mulch. Under dry 
farming rains close by the middle of September 
and the moisture is to be carried for sowuiig of 
winter crops to the last week of October or begin * 
ning of November. It has been observed that the 
crops sown) late yield ^vell. To find out the effect 
of late sowung in the artificial mulched plots barley 
was sown on 11 November 1941. The yield re- 
sults show that there were 41 lb. more barley 
from the artificial mulched plots. The differ- 
ences are not so great as in the case of cotton, 
but the results are in accordance with the moisture 
data reported. At the time of sowing cotton 
there was 2*11 per cent more moisture in a 3 ft. 

E 
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column under artificial miilcli than soil mulch. 
While at the time of sowing barley on 11 Novem- 
ber 1941 there was no significant difference of 
moisture in the surface 2 ft. but in the third foot 
there was about 1 per cent more moisture in the 
plots under artificial mulch. It is probably due 
to this deep-seated moisture that slight increase 
in yMds of barley was obtained from the arti- 
■ .ficial mulched plots. 

As already reported, during summer it is only 
for a period of 26 to 30 days that there is more 
moisture in the artificial mulched plots. There- 
fore mbi crops (winter crops) in the plots under 
artificial mulch can only derive benefit if sown a 
month after the close of rains. In case the interval 
is longer the differences will be slight, and this 
will not lead to any advantage. However, in 
the winter season a crop can be sown with advan- 
tage a month or two after the close of winter rains. 

Economic possibilities of artificial mulches 

It may however be pointed out that the economic 
possibilities of artificial mulches have not been 
fully explored, as they are governed by many 
considerations of which the availability of waste 
plant material is an important factor. In the 
experiment reported cotton sticks were employed 
as artificial mulch, bat it should be left to the 
expediency of zemindars to utilize whatever waste 
plant material is available to them in a particular 
locality. Cotton sticks are ordinarily used by 
the zemindars for fuel purposes, but the same' use 
can be made even after they have secured the 
purpose of artificial mulch. The cost of spreading 
and removing should be quite nominal as the 
zemindar under dry farming conditions is not 
very busy and is not required to employ extra 
labour. However, for purposes of working out 
economics, tlie cost of spreading and removing 
may be reckoned at Rs. 7*. There may be slight 

(On prewar basis) 

* Cost of carting 200 md. of cotton sticks required Rs. a. 
to cover one acre (wages of two laboui’ers and 

rent of two carts) 5 0 

Wages of two labourers for spreading of cotton 

sticks . . , * * . . . 1 0 

Wages of two labourers for removing of cotton 

sticks . . . . . , , 10 

Price of 25 md. of cotton sticks lost during' 

use @ -/3/- per md. . . . . . 4 11 

Total expenditure * . 1111 

Income due to 10 md. 31 sr. (8S2 lb.) of seed 

cotton at Rs. 5 per md. . , , • . 53 9 

Net profit 
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loss of the material itself which may amount to 
Rs. 5. Income due 'to' increase in' yield' of 882.1b. ' 
of seed cotton amounts to Rs. 53 resulting in net 
profit of Rs. 41,. 

The use of artificial mulches has been made for 
growing sugarcane under dry farming conditions 
by spreading the cane trash in between the rows. 
The extra moisture thus conserved, enables the 
sugarcane crop to withstand drought in years of 
scanty or unevenly distributed rainfall. 

Summary AND CONCLUSIONS 

The results of a study of the relative effect of 
artificial and soil mulches on the conservatiGn of 
soil moisture has been presented. 

1. There is more moisture under artificial mulch 
than soil mulch over a period of 20 to 60 days 
depending upon the seasonal conditions. 

2. Soil mulch conserves moisture better than 
artificial mulch, but greater moisture under arti- 
ficial mulch is due to the fact that 39 to 46 per 
cent of the moisture from the soil is lost before 
it can be cultivated to form soil mulch. After 
a soil mulch is formed losses from the soil mulched 
plohs are less than from the artificial mulch plots. 

3. There is more absorption of water in arti- 
ficial mulch plots. When rain falls in small show- 
ers it does not increase tlie moisture of heavy type 
of soil. 

4. Artificial mulcli is more effective on a heavy 
type than on light type. 

5. Effect of rneteoroiogical factors on the eva- ' 
poration has been discussed. Artificial mulches 
are less effective during summer than during winter 
months. 

6. Artificial mulch 2 in. deep and soil mulch 
4 in. deep bring about maximum conservation 
of moisture. 

'7. Yields of cotton and barley from the arti- 
ficial and soil mulch plots are given and the possi- 
bility of growing crops in the moisture conserved 
by artificial mulches has been discussed. 
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A SIMPLE METHOD FOR ESTIMATING CARBONATES IN SOILS 

By S. DaS; M.&c. (Cai. & Alld.), D.Sc. (Alld.), Assistant Agricultural Cliemist, Imperial 

Agricultural Research Institute, New Delhi 


(Received for publication on 24 May 1944} 


Several methods for the estimation of carbonates 
in soils have been proposed from time to time. 

■ Soil worker^ are familiar with the methods of 
Brown and Escombe [1900], Hall and Russell 
[1902], Amos [1905], Collins [1906], Marr [1908], 
Gaither [1912], Shrewsbury [1912], MacIntyre 
and Willis [1913 ; 1915], Hutchinson and Mac- 
Lennan [1914], Truog [1916], Hardy [1921], 
Sanyal [1923], Underwood [1926], Clark and 
Collins [1929], Schollenberger [1930], and Puri 
[1930]. 

All the above methods require elaborate glass 
apparatus and involve complicated manipulations. 
They are, therefore, unsuitable for use in ordinary 
rontine analysis, where a large number of estima- 
tions have to be made in a day. Hence there 
is a real need for a simple, rapid and fairly accurate 
method. 

Puri [1930], . working in these laboratories, 
developed a direct titrametric method. It offers 
no doubt certain advantages in point of simplicity 
and rapidity. It consists in titrating with IV/2 
HgS04 ^ known weight of soil suspended in a 
saturated solution of CaS04 in the presence of 
10 c.c. of N/10 AlgClg solution and an equal 
amount of brom thymol blue and brom cresol 
green indicators with boiling after each addition 
of acid till the colour of the supernatant liquid 
is golden yellow. In several instances the rcvsnlts 


however differ considerably from those obtained 
by the gravimetric method. 

This has been tested and found to give lower 
results than the gravimetric method. This is 
partly attributed to the acidity of 10 c.c. of 
N/10 AlgCl^ solution equivalent to 2 c.c. of 
N/2 H2SO4 not being taken into account by Puri 
and partly to the fact that the amount of acid 
used is not enough to completely decompose 
the soil carbonates. 

The gravimetric method employed in this 
laboratory for comparative tests consists in boiling 
the soil with about 50 c.c. of normal HCl (1 : 10) 
at atmospheric pressure for 5 min. The 
CO2 evolved is first led through a condenser 
which retains back the HCl fumes, then dried 
by passing through U-tubes containing strong 
H2SO4 soaked in pumice and next ’ collected 
in soda lime U-tubes. After the boiling is over, 
about a litre of CO^-free air is aspirated for half 
an hour to sweep away all the evolved COg from 
the reaction flask. There are guard tubes contain- 
ing H2SO4 soaked in pumice attached to the 
further end of the soda lime tubes to retain any 
moisture that may enter the apparatus by back 
suction. This method has been found to 
yield satisfactory results with most Indian 
soils which are usually poor in organic 
matter. 
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Table I 


Companson of values for CO^ by gravimetric and 
Piiri's iitrametric methods 


Serial 
So. ■■ 

Locality of soil samples 

Per cent CO a 


Gravi- 
1 metric 
method 

! 

Pnri 

method 

Difference 

3. 

Xaspxir, Central Pro- 
vinces 

0-82 

0-30 

—0*52 

2 

Bliolkapalrli, Bombay 
(Good) i 

0*89 

0*22 

--0-67 

3 

BiiolKapakli, Bomba v i 
(Bad) ! 

2*80 

2-15 

— 0*71 

4 

Beliii, Depth IJJ— 1-A ft. | 

2-00 

1-56 

—1-13 

5 

Delhi, Depth 4 ft. 4 in, — 1 
0 ft. 4 in. 1 

t5’65 

5*42 

—1*23 

6 

Banuu, X.-W.F. Province ; 

6*47 

5-00 

—0*87 

7 

Pusa, Bihar . 

15'7S 

14-52 

—1*25 

s 

jXkola, ('cntral Provinces 

■ 2*21 ' 

2*33 

— 0*88 

0 

Coimbatore, 3Iadras 

1-15 

0*02 

■-.■-0-53 


From Table I it is evident tlxat the CO 2 values 
by the Puri method are considerably lower than 
those obtained by the gravimetric method/ If 
an allowance is made for the acidity of the -10 
c.c. of N/IO AI 2 CI 6 solution used in the Puri 
method, the CO 2 values become higher by about 
0*44 per cent in every case, but are still low^er 
than the COg values by the gravimetric method/ 
This is due to the amount of acid used being 
not enough to completely decompose the soil 
carbonates/ A slight excess of acid is essential 
to completely decompose the soil carbonates, 
as will be shown in the sequel. If the calculations 
were made as CaCOg, the differences between 
the values by the two methods w^ould be about 
2| times higher than those given above. 

Detailed account of the proposed method. Depend- 
ing on the approximate amount of carbonates 
present in a soil as judged qualitatively by the 
strength of effervescence on decomposing a 
little of the soil with dilute acid, two 1 to 10 
gm. portions of the soil sample are exactly weighed 
out in two 500 c.c. conical flasks, to each of which 
are added 50, c.c* of distilled water and a measured 
quantity of half normal hydrochloric acid in 
slight excess (about 4 to 5 c.c.) of what is actually 
required to completely decompose the soil car- 
bonates. 

The contents of one of these flasks are then 
slowly boiled for 5 min. on wire-gauxe over 
a small flame. The excess acid is finally titrated 
back with deci-normal caustic soda using phenol- 
phthalein as indicator. 
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The contents of the second flask are shaken 
from time to time for half an hour in the cold 
at room temperature, and then the excess acid 
is titrated back as in the first case. 

The titre figures are quite reproducible and 
the end-point is very sharp. The alkali used 
is converted into half-normal strength by dividing 
the titre figure by five. The quotient thus 
obtained is subtracted from the c.c.s of Nj% 
HCl taken and the resultant figure gives the 
amount of acid consumed to decompose the soil 
carbonates present in the sample taken for analysis. 
One c.c. of 2^/2 HCl corresponds to 0*011 gm. 
CO 2 or 0*025 gm. CaC 03 . The values for COg 
obtained by either boiling or shaking in the 
cold are fairly concordant, and, ^therefore/ the 
mean of these two values has b'een taken for 
comparing with the CO ^ values obtained by the 
gravimetric' method. 

The effect of time of boiling, or shaking in the 
cold at room temperature on the reaction between 
acid and soil carbonates is seen from the following 
results. Two grams of a Delhi soil having 6*65 
per cent of CO 2 were treated with 50 c.c. of water 
and 17 c.c. of Nj^ HCl which included about 
5 c.c. of 2V/2 HCl in excess of what is actually 
required to completely decompose the soil 
carbonates. 

Table II 


Effect of ti'iue of shaking i-n the cold or boiling on 
the reaction between acid and soil carbomies 


Minutes shaken | 

Per cent CO 2 

Minutes boiled 

Per cent CO a 

5 

5*91 ' 1 

. 1 ■ 

'■ ■ 6 44; '■..' 

lO 

6*05 

'2 „ 


15 

6-24 

3 

6*55 

20 

6-30 

4 

C-56 

25 

6-38 

5 

a-ee 

zo ■ 

6*63 

, , : 7 ■■ . 

c-oa 

45' ■' 

6*69 

10 

6 - 6 G ’ 

60 

6*73 

■'1:5 

6*62 


It is evident that either shaking at room 
temperature for 30 min. or boiling for ^ 5 min. 
in the presence of slight excess of acid gives the 
most satisfactory values for CO 2 comparable 
with that given by the gravimetric method. It 
is necessary that a definite excess of acid should 
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be inaiiitamed to completely decompose' the 
soil carbonates under the conditioiiB of the ex* 
periment. This excess of iV/2 ilCl is diluted in the 
presence of 50 c.c. of water to about F/25 strength 
which is too dilute to have any appreciable action 
on the organic matter or soil bases. This will 


be ' evident frotii the data given in .Tables 

III and 1¥. 

A number of typical soils from different parts 
of India' have been examined by the new method 
and the results compared with those by the 

gravimetric method in Table IlL 


Table III 


Compafison of 


Serial 

Xo. 


■1 

2 

8' 

4 

5 

6 


Delhi 


Locality of soils 


8 

d 

10 

11 

12 


Baonu . 
Taru Jabba 
Peshawar 

iS • 


12 


Sukkur . 


14 


15 

Poona 

16 

Dholkapaldi 

17 

«' ^ •" 

18 

Dharmuj 

19 

Nodiad . 

20 

Xagpur . 

21 

Akola 

22 

Lyallpur 

23 

Gujranwalla 

24 

Solon 

25 

Simla 


the values for CO^ by N/2 HCl method ard the gravimetric method 




Per (.vnt 

CO'a . 


Charaeteriatica 

*V/2 HCl methcMi 

Graviffiotrlc 

method 






Boiled 

Shaken 

%mn 



5 min. 

30 min. 


Alluvium depth 5-0 ft. . 

G-gl 

0*40 

6*34 

0*51 . ' ■ ' 

„ „ 4 ft. 4 in.-O ft. 4 im 

6-54 

6*62 

6*58 

6*65 

„ „ 14-15 ft. 

2-50 

, 2-04 

2*62 

■2*69 

0-X ft. , 

0-04 

0*04 

0*04 

0*01 

1-2 ft. . 

0*04 

0*01) 

0*05 

0*0'4; 

2-3 ft. . 

0*04 

0*04 

0*04 

nil 

„ „ 3-4 ft. . . 

0-03 

0*05 

0*04 

• ■ 0*06; 

Frontier Province 




Alluvium depth . . 

e-43 

0*48 ■ 

6*46 

0*47: ' 

, 

7-58 

7*69 

7*64 

8*61 

„ Wheat I-and . • 

7*03 

6*81 

8*02 

, ■ 7*00' , 

„ Grass „ . 

6*37 

6*81 

6*84 

6*80 

„ Kallar (alkali) effluorescence 

«'05 

6*05 

6*05 

6*25 

Mnd 





Good alkali soil . . . 

■ 

5'59 

5*88 

" 6*46, 

1 3*47 

Bad » . . 

6*03 

4*78 

4*01 

1 ,7«;. ' 

Bombay 





Daccantrap . . • • • 

2-SO 

2*80 

2*80 

2*77 

Alluvium gooi soil . . * • 

0*86 

0*88 

0*87 

0*89 

„ baa „ . 

2*60 

2*60 

2*eo 

2*80 

Alluvium • • .* 

0*66 

'0*68 

0*67 

0*69 


0*70 

0*80 

0*80 

0‘7C 

Oentfol Pmmwes 




■ ■ ■■■ 

Black soil . • • ' • 

0-77 

0*79 

0*78 

0*82 

Black cotton soil , . 

2*91 

3*13 

3-02 

, 3*14. 

Punjab 





Alluvium . - • • 

0*66 

0*66 

0*66 

0*08 


0*40 

0*42 

0*41 

0*42 

Hill soil . . - • • . • 

1*14 

0*92 

1-OS 

1*04 

» » * • • * * 

nil . 

nil 

nil 

nil 
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HPi’ial 

" : 'No. A 

Ijbcality of soils 

Characteristics 

Per cent 00a 

N/2 HCl method , 

: Oravimetria 
method 

Boiled 

I 5 min. 

Sliakeii 

30 min. 

Mean 




Vmted Proumm 





20 i 

Ssftliaraiipur 

. , 

Alluvium 

' nil 

[ 

nil 

nil 

27 

Cawnjiore 


» . . . • • • 

0-22 ■ 

1 0-18 

0-20 

0-1& 




Bihar 





' . 28 

Push , . ' . 


Alluvium calcareous 

15-40 

15-40 

15-40 

' 35-78 

29 



12-18 iu. . . 

5-86 

8-30 

3-33 

3-33 

30 

Gaya 


Alluvium 

1-76 

1-76 

1-76 

1-70 

3.1 

Rtiachi . 


Liiterite add* . . . . . 

nil 


nil 

. 0.04 

32 

Paiilvii 


,, . . . . .. 

nil 

nil 

nil 

nil 


Orhuf: 


33 

1 . 

Laterite add . ... 

[ nil 

nil 

34 

! Bala.«ir)i‘e .... 


1 nil j 

nil 


Bemjol 


Aamm 


nil 

nil 


85 

[ Dacca .... 

1 Latei-ite acid 92 . . 

nil . 

nil 

j nil 

m 

: Dar]eelii)t< 

' Add. Tea soil .... 

i nil 

1 . ' i 

nil j 

! ail 


aa 

ail 


0*04 

0'06 


87 

Ivarinigauj 


Add ^H = 5-p 

nil 

nU 

nil 

0-OS 

3'8' 

.Tor hat . 

' • 

„ pK^i'6 . . 

nil 

nil 

nil 

0-04 




Burma 





3!) 

Mandalay 

• ■ • 1 

^ Acid /;H=4-0 . . . 

j 

j nil 

1 nil 

1 nil 

0-04 




Madras 


1 



40 

1 ('oimhatoro 

■' A .• . 

Brown .soil . . . 

1-10 

1-13 

1*12 

1-15 

41 

1 Bangalore 


lied soil . . . . . . 

0-04 

0-06 

0-05 

0-06 

42 ' 

Guntur . ' 


Biack soil . . 

1-05 

1-05 

1-05 

1-05 

43 

Coorg 


Acid organic soil pH =5-0, 15 per cent 
loss on ignition 

nil 

’ nil 

nil 

0-40 

44 

Coorg 


Acid organic soil pH=s5-0, 9 per cent 
I 0 .S.S on ignition ' 

nil 

nil 

nil 

0-37 

45 ' 

Coorg’ . . 


Acid organic soil 8 per cent 

loss on ignition 

nil 

nil 

nil 

G-30 


It is seen that the new method is applicable 
to alLthe Indian soils tried and gives results 
closely agreeing with those obtained by the 
gravimetric method except in the case of the few 
Coorg soils which are rather rich in organic matter. 
The latter soils are acid having a pH of 5-0 and 
are therefore not expected to contain any native 
carbonate as indicated by the gravimetric method. 
They as well as the other acid soils examined 


give off no CO^ by the new method, which thus 
gives a true picture of the carbonate status of 
soils in general 

The effect of vsuch substances as salts, oxides, 
and silicates on the results by the new method 
is hardly appreciable as can be seen from the 
results in Table * IV. To two^gram portions 
of a soil was introduced 0*2 to 0*3 gm. of Afferent 
oxides, salts, and silicates which amounted to 
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10 to 15 per cent of the soil taken With 60 intervals for half an hour at room ternpemture 
c.c. of water and 16 c.c. of W/2 HCl which included a known weight of a sqU with a measured quantity 
t ™ m excess the contents were of W/2 JtCl in slight excess (4- to 5 c.c.) of what 


boiled for _6 min., after which the excess acid is, actually required to completely decompose 
was determined as usual ^ the soil carbonates and 50 c.c. of %vater iii a 

. 500 c.c. conical flask and then titrating back 

Table IV excess acid with decinornial caustic soda 

using phenolphthalein as iiidicarur. Tlic end- 
Effect of different oxides, salts, and silicates on the point is sharp and the .titre figiire.s are reuro- 


Table IV 


N/2 HCl method for estimathig soil carbonates 


Serial 

Ko. 

In'ijEmrities added 

1 

Per cent 
CO a found 

Difference 

from 

control 

1 

Control. Soil alone 

6-47 

■ 

2 

Sodium eWoride , . 

6’51 

-f-0‘04 

S 

„ nitrate 

6-47 

nil 

4 

„ , suljihate . , . 

6-43 

—0*04 

f) 

Potassium chloride 

6-55 

+ 0*0$ 

6 

Calcium chloride 

6‘56 

! -l-0*09 

7 

Magiicaium chlorhie 

..G-47 

nil 

8 

10 c.c. N/IO aluminium chloride* 

6-49 

—0*04 

Q 

Aluminium oxide** 

6*40 

—0*01 

10 

Ferric Oxide . 

6*55 

+0*08 

11 

Titanium oxide 

6*40 

—0*07 

13 

■ Manganese dioxkk . 

6*46 

—0*01 

13 

Silica** .... 

6*47 

nil 

14 

Talc . , . . 

6*64 

+0*07 

15 

Kaolin 

6*55 

+0*08 ■ 

16 

Puller’s Earth . . . j 

6*55 

+0*08 


dncible. 

The method has been tested uitli a variety 
of soil types available in India, and has proved 
to be of sufficient accuracy to warrant its employ- 
ment in rotitiiie soil analysis, or on the field where 
a, -large number of samples have, to. be quickly 
tested. 
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PLANT QUARANTINE NOTIFICATION 


Notic 0 No. 2 of 1944 * 

The following quarantiae regulations have been 
received in the Imperial Council of Agricultural 
Eesearch. Those interested are advised to apply 
to the Secretary, Imperial Council of Agricultural 
Research, New Delhi. 


1. Japanese Beetle quarantine — (Quarantine 

No. 48), and 

2. Pink Bollworm quarantine — (Quarantine 

No. 52) 

Issued by the Department of Agricultural, 
United States of America. 


ERRATA 


The Indian Journal of Agricultural Science Vol. XIV, Part I, February 1944 

Page 49, line 22 (1st col), /or ‘ Ustilago andro- 
poGOSits-FiNiTiM ’ Tead ‘ Ustilago andbopogonis- 
FINITIMI ’ 

Page 50, line 11 from bottom (1st col), for 
‘ ClSTRACTlA * BISVANS ’ read ‘ CiNTRACTIA 


DISTANS ’ 

page 52, line 10 from bottom (2nd,Gol.), /or ‘ of 
smuts hitherto unrecorded for India ’ read ‘ of 
smuts, of which 17 were hitherto unrecorded for 
India’ 
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ORIGINAL ARTICLES 

PHOTO-HYDEOLYSIS OF STARCH 

By M. R* Mathor aTid Fazal IJbdik, Bacteriological Research: BaJ:)omtoni\s, Piiiijaif Agricuitimd 

College, Lyallpiir 

(Received for piO>lk*atioii oil 17 Ainie 1944) 


Hydrolysis of starch by the action of enzymes 
and acids is a VYell-known phenomenon. Bieder- 
mann in his series of publications [1919-1924] 
reported that certain neutral salts such as potas- 
sium phosphate, sodium chloride, etc. could also 
hydrolyse starch. He fuither found that a mix- 
ture of sodium chloride, potassium phosphate 
and glycine was capable of hydrolysing a 1 per cent 
soliition of starch in two hours. 

A number of workers like^ Bachrach [1921], 
Bokorny [1921], Teschendorf [1921], Rothlin [1922] 
could not, however, confirm his results and attri- 
buted the observed hydrolysis to either the con- 
tajiiination of starch with, amyhi.se or to bacterial 
action. Other workers, like Haehn [1924] and 
lijin [1924], confirmed Beidermann’s findings. 

During our investigations on the losses of nit- 
rogen from sodium nitrite in. tlie presence of starch, 
it was incidentally noted that starcli disappeared 
completely from flasks which were exposed to the 
sun for sometime. On the other hand, flasks 
kept in the dark continued to give a positive 
reaction for starch. Besides a slight reduction 
and oxidation, denitrification of sodium nitrite 
was also observed in the presence of light. 

(A). So far as the transformation of starch is 
concerned the foregoing experiment was only of 
a qualitative nature. That starch disappeared 
in the presence of sunlight was quite obvious, 
but it remained, to be seen whether starch in the 
unexposed flasks had undergone aiiy transforma- 
tion. Another experiment was therefore con- 
ducted with 0*5 per cent starcli solution. Deter- 
mination of starch was made after five weeks 
duration b}^ the starch iodide g.ravimetric method. 

The results given in Table I showed that starch 
is not hydrolysed in the dark even in the presence 
of sodium nitrite and the change is entirely a 
photo-chemical one. The sterility of the vsolution 
in the flasks was tested before analvsis. 


A number of experiments mi various aspects of 
the subject were then conducted. The tecfiiiiiqiie 
followed and the nuiteriai used tliroughout, except 
where otherwise mentioned, were as follows : 

Soluble starch (May and Baker) was used in 
all the exferiments. The solution was expihsed 
in Pyrex glass rimless culture tubes measuring 
6 in. X 0-5 in. PapcT wa,s always ti<.*d over the 
plugs to protee-t tfiem .from dnst. Ten e.c. of 
0*1 per cent standi solution were put in the tubes. 
Sterilization was done in tlie aiitocdavt* at 15 lb, 
pressure for half an hour. Sodium nitrite was 
used ill ()-2 per eent concentration a.s a laitalvst 
and its solution was sterilized separatidy an<l 
added aseptically when requir(‘d. 

(B). Since nitrite in th(‘ presenc,e of starch 
undergoes both reduction and oxidation, experi- 
ments were conducted to determine the extent 
to which the three ions, viz. N(hj and NO^. 

catalyse the reaction. For this purpose, solutions 
of sodium nitrite, sodium nitrate and ammoniiun 
sulphate were prepared on equal nitrogen l>asis, 
sterilized and used as catalysts. 

The results obtained showed that in the presence 
of sodium nitrite starch disappeared in about a 
week’s time, while in the presence of sodium 
nitrate it took over four weeks. In the presence 
of ammonium sulphate a positive reaction for 
starch was obtained even after a lapse of many 
weeks. 

It is likely that the destruction of starch in 
the case of sodium nitrate may be due partly or 
entirely to the presence of NOo ions produced 
as a result of the photo-reduction of nitrate, 
but it is not clear from the results of the above 
experiment as to how far this is due to the pre- 
sence of one or the other ion (NO 2 or NO3) or 
to the combined action of both. However, even 
if NO3 ions catalyse this reaction, tlieir effect 
seems to be much slower. 


Table I 

Starch in gni, per 100 c.c, solution 



Un- ex posed 


With nitrite i Without iiitiTte 



0-48 ! 0-51 

0-50 i 0*50 


(C). All experiment was conducted to ascertain 
if dextrin can be hydrolysed in the presence of 
sodium nitrite. For this purpose a 0-2 per cent 
solution of dextrin was used. The results ob- 
tained showed that dextrin completely disap- 
peared in 10 days in the exposed tubes treated 
with sodium nitrite while the unexposed tubes 
continued to give a positive test up to the end of 
six weeks, when the experiment terminated. 
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Qualitative tesits carried out to detect tlia dis- 
appearance of staiH^h in the preliniixiarj experi- 
mentis often gave a reddish brown colouration 
with iodine solution in the exposed tubes indi- 
eating tlie. presence of dextrin in the solution. 
Other tests, tJic alcohol and basic lead acetate 
tests, also showed its presence when 0*5 per cent 
starch solution was tested after the clisapj)earance 
of starch. The solution when free from starch 
and dextrin (as sliown by the iodiii^ test) ’was 
also foumi to reduce Feliling's solution showing 
thereby the presence of reducing sugars. The 
reducing power of a 0*2 per cent starch solution 
was found to be equivalent to 0*08 per cent solu- 
tion of glucose. 

As the starch is first converted into dextrin 
and then into reducing sugars, evidently this is 
a case of hydrolysis. In order to study the effect 
of various factors on this reaction, the. following 
experiments were undertaken : 

Reaction of the solution 

In order to determine tlie effect of reaction on 
the rate of hydrolysis of starch, the experiment 
was conducted at a pH of 5*2 and 8*6. The 
rate of hydrolysis was found to be the same at 


both the pH values. The pH of the tubes was 
again determined, at- the end of the , experiment 
and was found to be practically the same as at the 
beginning. 

The pH was adjusted by the atldition of iV/10 
H.C1 ' or N/10 NaOH and both : these reagents 
were found to have no action on the hydrolysis 
of starch in the absence of sodium nitrite. 

.C 0 NCENTK.ATION OF the ' CATALYST 

Ifour concentrations, viz. 1*0, 0*2, 0 04 and 
0*008 per cent of sodiiini nitrite were tried. 
The rate of hydrolysis of stargh was found 
to be practically the same in all concentrations 
from 0*04 to h(r per cent. With a 0*008 per 
cent concentration of the nitrite it yeas, 
however, found to be definitely lower. 

Rate of hydeolysis of diij’feeent staeches 

An experiment was conducted to compare the 
rate of hydrolysis of some different starches. The 
results given in Table II show- that the rate of 
hydrolysis varies in different cases. Potato and 
soluble starch arc more readily hydrolysed as 
compared to other starches from wdieat, maize, 
rice, etc. 


Table II 


starch 



After 7 days 

- . - , 

After H days 

After 28 clays 

! 

1 AEer 48 days 

Sl.arch 

Dextrin 

Starch 

Dextrin 

Starch 

Dextrin 

Starch 

Dextrin 

Duck wheat 



-i' 


trace 

+ 

, 




Sol. starch 


' 1 

- 


■ ■ . — ■ 

trace 

...» 





Potato . 


t 



. : ... 

trace 






W heat , 


1 

• ! 

.. -1- i 

I 


-f 


trace 

-f ■ 



Maizo 



1 

+ 1 


4* 


trace 

-f- 


■ V 

Bi<ie 

* 

•i 

+ i 


-f- 


trace 

+ 




Wavk length of light 

The experiment was conducted in usual way in 
culture tubes, which were kept immersed in clear 
yvater or coloured violet or red and then exposed 
to the sun. As expected the shorter waves 
found to be more effective than the longer waves. 

Influence of different compgunds 

to determine the effect of other 
sodium salts on the hydrolysis of starch, a series 
of trials were conducted as usual with sodium 
acetate, borate, carbonate, pliosphate, tartarate 


and chloride. The concentration of the starch 
solution and of the catalyst used in each case 
was 0*1 and 1*0 per cent respectively. The ex- 
periment lasted for two months. The results 
ivere negative in every case, i.e. disappearance 
of starch was not noted in any case. 

(b) Other substances like mercuric oxide, bis- 
muth oxide, zinc oxide, reduced nickel and animal 
charcoal w^ere also tried as catalysts. The oxides 
were washed free of any traces of NOo before 
use. A 0*1 gm. of the catalyst was added to 
each tube, After sterilization the cotton wool 
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plugs were replaced by sterilized 

corks. This was considered uece.sKarv in order to 
keep off atnio spheric ammonia which gets oxidizwl 
to nitrite in the presence of oxidizing photo- 
catalysts. The experiment la.sted for four weeks. 
It was found that zinc oxide acted catalvticallv 
on the hydrolysis of starch. The rate of hydro- 
lysis appeared to be the same as with sodium 
nitrite. Mercuric oxide acted positively but the 
action was rather weak. • 

(c) Another experiment w'as conducted to verify 
the claims of Biedermann [1919-1924] that a mix- 
ture of glycine, potassium phosphate and sodium 
chloride hydrolysed starch in twm hours. As the 
original article by Biedermann was not available, 
the trial was conducted as follows : 

^A 0-1 per cent starch solution was prepared 
wdth 0-2 per cent each of potassium phosphate, 
sodium chloride and glycine. 

It was tubed in 10 e.c. portions and sterilized. 
Some tubes w'ere exposed to the sun and the 
others were kept in the dark. Occasional tests 
with iodine solution up to a period of six weeks 
did not show the disappearance of starch. 

SUMMAEY 

1. Starch undergoes hydrolysis under the action 
of light in the presence of catalysts. 


2. Shorter wavi'.s of light arc more jictive in 
their effect tliau f lu* longer waves. 

o. Sodium nitrite, zinc o.xido aixl mercuric 
oxide act as catalysis ior the hydrolysis of stau'h. 
. 4. The rate of hydrolysis varies with different 
starches. 

5. The rate of hydrolysis is uuaffecled between 
the pH range 5-2-8-(}. 

(>. A mixture of potassium phosphate, sodium 
chloride and glycine did not catalyse the hydro- 
lysis of starch as observed )>y Biedermann. 
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STUDIES ON THE EGOT-ROT DISEASES OF COTTON IN THE PUNJAB 

XIII. LEAF TEMPERATURES OF HEALTHY AND ROOT-ROT AFFECTED PLANTS 

By R. Saiiaj Vasudeva, Pm.D. (Loni>.), D.I.C. (Loxd.), Assistant Plant Pathologist, Imperial 

Agriuulturai Ilesearcli 

(Beccived for pubHcat-ioii on 8 May 1944) 

RooT-rot disease of cotton is tlie most serioiis 
disease of this crop in the .Pinijab and eanses 
heavy damage to the crop every year [ Vasudeva, 

1935], In a freshly wilted plant excepting a few 
roots which hold the plant in position, most of 
the other roots are decayed and bark broken 
down into shreds. The food supply of the plants 


is thus cut off and the plants are killed out right 
within a very short period. The disease aetually 
starts much earlier, and the above-ground mani- 
festation of the disease in the form of wilting 
is a very late symptom. 

In the course of some field experiments in which 
the cotton plants attacked by root-rot umder 


study it was observed that the leaves of tJie 
affected plants have decidedly a liigher tempera- 
ture. The experimental data are recorded in 
this paper and it may later on be possible to use 
leaf temperatu.re as an index for the identifica- 
tion of plants affected by root-rot disease. The 
experiments though have no direct bearing on 


the problem are nevertheless cognate to the 
subject and are included in this series. 

Experimental 

The temperature of the leaves was recorded 
by the thermo-electric method. The apparatus 
employed consisted of coustantan vire, copper 
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wire, a unipivot galvaiioineter, a spring key and mined by inserting tiie free jiinction in the tissue 
centigrade thermometers. The ends of the con- of the mid-rib. The corresponding temperature 
stantaii wire were soldered with the ends of the two of air was recorded by holding the free junction 
copper wires ; the absorption coefficient of these in air and necessary precautions to protect it 
wires being ml. The free ends of the copper wires from the direct rays of the sun were taken. Two 
were connected to the galvanometer and the cotton plants of Gossyfiv/m indimmi (15 

spring key respectively. The key and the gal- Mollisoni) standing in the same field, of the 
vanometer were connected by a similar piece of same age and as far as possible of the same size 
copper wire. All the wires were carefully insulated were selected early in the morning every day : 
with rubber valve-tubing. A galvanometer sensi- One whic^ just showed the first apparent signs 
tive enough to indicate at least 0' 0025 micro- of waiting, i.e. slight drooping of top-most leaf, 
amperes was used. and the other which appeared perfectly normal 

Of the two thermo junctions one wms placed in and healthy. The leaf temperature was mea- 
a Dewmr’s flask containing cold water along wdth sured four times during the day, i.e. at 6‘30 a.m., 
a thermometer and served as the dold jiiction h 9 a.m., 12 noon and 5 p.m. Temperatures of 
In order to guard against the sudden fluctuations six leaves were determined on each plant at one 
in air temperature, the Dew’-ar’s flask w^as kept time ; the readings for the temperature deter- 
in a wooden box containing sawdust. The tern- minations of healthy leaves alternating with 
perature of the wder in the flask was kept con- those of the diseased ones. Corresponding tem- 
stant at about 10°C. In measuring the tenipe- perature of air at that particular time was also 
rature, the leaf was folded upwards in such -a recorded. Leaves which faced the sun at right 
way that two portions of the upper surface w^ere angles w^ere alw^ays selected so that the results 
brought firmly together over the free juction by could be strictly comparable, 
means of a pair of tongs, the tips of which had The leaf temperatures were recorded during a 
been previously covered with pieces of cork. . The number of days on different pairs of healthy 
circuit was then completed by inserting the key. and diseased plants during July and August. 
The deflection caused by the difference of tempe- ' Determinations of the leaf surface and inner tissue 
rature of the two junctions was recorded. The temperatures wke made simultaneously. Data 
internal temperature of the leaves was deter- for a single pair of plants are recorded in Table I. 

Table I 

Leaf te7nperatures of a healthy and a diseased cotton plant at different times of the day 



Tempera- 
ture of 
air 
®C. 

Tempera- 
ture of old 
junction 
°C. 

No. of deflections of the 
galvanometer 

1 Calcuiated temperature 

1 _____ 

Healthy 

or 

diseased 

Value of t 

Air 

Upper 

surface 

Inner 

tissue 

Air 

Upper 

surface 

Inner 

tissue 

Upper 

surface 

Inner 

tissue 


29-4 

23-4 

■ 21 

25 

25 

29*4 

30-52 

30*52 

H 






... 

27 

27 


31*09 

31*09 

D 




29*6 

23*4 

27 

. 25--. - ■ 

■ 24 

29-6 

, 29*12 

28*89 

H 







2s : 

28 


29-8G 

29*80 

I) 




29*8 

23*4 

26 

27 

27 

29-8 

30*04 

30*04 

;h 







30 

30 


30*73 

30*73 

■ n ' ' 

4*17: , 

4*10 


30'0 

23-4 

28 

28 

28 

30-0 

30*00 

30*00 

\ H' V 







' 30 

30 


30*47 

30*47 





30-2 

■ 23-4""'-; 

28 

28 

28 

30*2 

30*20 

80*20 

H 







35 

35 


31*90 

31*00 





80-4 

23-4 

29 

29 

■ 27 

30*4 

30*40 

29*92 








36 

35 


32*09 

31*65;:;"',' 





VI] 
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Table l— cmkt. 


Time 

Tempera- 
ture of 
air 
‘'C. - 

Tempera- 
ture of old 
Junction 

“a 

1 No. of defleetiona of the 

j galvanometer 

(Jalculate l tempcraturt; 

1 

■ Hedth/ 

; Value off 

i ' 


Air 

Uliper 

surface 

Inner 

tissue 

Air 

ITpper 

surface 

1 Inner 

.! . tissue 

“i o.r 

1 disc iHcd 

1 

Up: er 
suit ice 

; Inner 
j tisane 

9.0 a.m. . 

34-0 

24-8 

35 

38 

31 

34-0 

34-70 

32-95 

p— . ■ 

j H, 


1 





46 

43 


36-89 

3(M0 

,1) 




34-0 

24-8 

35 

40 

33 

34-0 

35-31 

33-50 

H 

1 

i 

1 





47 

1 43 


37-15 

36-10 

I).:. 

1 



34-0 

24-8 

35 

3S 

34 

34-0 

34-71> 

33-73 

- H 

i 

j , , 





48 

43 


37-41 

36-10 

I.)' 




; :34'2, 

■ 24*S' 


37 

34 

34*2 

34-73 

33-93 

•H 

7-85 

7-55 





50 

40 


38-32 

35-54 ' 

B 




34-4 

24‘8 

30 

39 

37 

34*4 

35-20 

36-00 

h: 







54 

44 


39-20 

36-53 . 

1) 

I 



■ ' ■ 34'-4 

24-S 

38 

42 

38 

34 '4 

35-41 

, 34-40 

H 







51 

: 43 


37-(5S 

35-66 

B 



ISl.O .Vooii 

38*4 

25-4 ■ 

44 

40 

42 

3S-4 

39-87 

37-81 

H 







56 

47 


41-04 

.■30-.2,a 

I) 




38-4 

.25>4 

40 

47 

43 

oS'i 

38-6S 

. 37-55 

H 







55 

46 


40-04 

38-40 

^ I) 




2m 

^ 25-4 

45 

48 

43 

38-6 

39-48 

38-01 

'H 







60 

o2 


43-00 

40-65 

I) 




38-0 

■ ^,25‘4 

43 

■ -49 . 

44 

38-G 

^40-44 

38-95 

H 

15-73 

4-63 





50 

53 


43-51 

1 , 41-67 

,1) 




38-8 

25 ‘4 

44 

40 

43 

38*8 

40-32 

38-50 

if 







50 

51. ; 


43 ‘36- 

40-93 

B 




38-S 

25-4 

44 

48 

44 

38-8 

40-21 

38-50 

■K 







57 

45 


42-76 

39-10 

I) 



>.0 p.ni. . 1 

as -4 

28*8 

44 

46 

43 

38*4 

38-83 

38-18 

H" 







55 

46 


40-S0 

38-83 

B 




38-4 

28*8 

43 

44 

41 

38-4 

38‘a2 

37-95 

' H ■ 







54 

48 


40-85 

39-51 

B 




* .38*4 

28*8 

u. 

38 . 

34 

38-4 

37-69 

36-70 

,H .. 







48 

40 


40-04 

38-16 ' 

B 

1 




' 38*4 

28-8 , 

42 . 

,33- ;■ 

30 

;3S*4 

36-34 

35*65 

ii ! 

1 

12'38 .j 

4- re 





, 44 

40 


38-86 

, 37-04 . . 

' 

.!> ] 




38*4 

28*8 I 

39 

36 

32- ■ 

- 3.S-4 

37-66 

36-67 

. H i 






- 

47,:", 

27 


40-37 

37-90 

J> 




38-4 

28-8 

;)9 

■ ^ 43) ' . 

■: .soU 

■■. 384 

38-40 

37-66 

TI. 







■ ,45 ■ 

38 


39-88 

38-15 

D 




It is observed that diseased plants remain ^ was calculated from the data as described 
considerably warmer as compared with the healthy by Fisher [1924]. For a series of six observa- 
ones. To show the statistical significance of the tions the value of t 2'57 is just on the margin 
differences in temperature recorded, a function ; of significance. (The usual 20 : 1 standard being 
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adopted). Tlie temperature differences both of 
upper surface and inner tissue of the diseased and 
healthy leaves are found to be significant. The 
inner tissue tem])erature shows a constantly lower 
value than the surface temperature and this holds 
good in the healthy as well as in the diseased 
plants. The value of t for the comparisons as 
shown in Table I is extremely high. This re- 
presents enormously great probability^ that the 
temperature of the leaves of a diseased plant is 
higher than that of the leaves of a healthy plant. 
The same type of experiments were repeated 
using different pairs of plants with similar 
results. 

All the comparisons shown above are clearly 
significant and arc in accordance with the obser- 
vations of Ezekiel and Taubenhaus [1932] for 
PhymaMriehim root-rot and with Luthra and 
Chirna [1937] who brought about wilting of the 
cotton plants by withholding the water supply. 

Preliminary experiments conducted to deter- 
mine the rate of transpiration of healthy and 
root-rot affected cotton plants showed that the 
rate of transpiration is considerably higher in 
healthy plants. The increase in temperature of 
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root-rot affected plants is probably due to the 
defective root absorption as a result of which tlie 
moisture supply of the leaves is curtailed and 
the heat incident on the leaves is not dissipated 
resulting in the warming up of the leaves. On 
the other hand, in healthy plants the transpiration 
is fairly active and consec|uently the leaves remai n 
comparatively cool. 

The observations recorded were made during 
the course of the investigation of root-rot disease 
of cotton in the Punjab financed by the Indian 
Central Cotton Committee to whom my thanks 
are due. 

Thanks are also due to Mr Inder Singh Chima 
of the Botanical Section, Agricultural College, 
Lyallpur, for his assistance. 
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STUDIES ON THE ROOT-HOT OF COTTON IN SIND 

II. RELATION OE ROOT-ROT OF COTTON WITH ROOT-ROT OF OTHER CROPS 
By N. Prasad, Assistant Mycologist, Department of Agriculture, Sind, Sakrand 
(Received for publication on 2S February 1944) 


It has been observed that in addition to cotton, 
certain other crops, suffer every year from root- 
rot, The crops most commonly attacked are 
castor {Riomm co7nnvums L.), sesamum {Sesa~ 
'imim mientale Ij.), sunn-hemp (Crofalaria juncea 
Coso.), and guar {Cyamofsis psoraloides D. C.). 
Of all these .sesamum and guar are the most 
affected. 

The symptoms in all cases are similar to that 
of root-rot of cotton. The affected plants wilt 
suddenly. On pulling, out the plants, it is seen 
that most of the lateral roots become fibrous, a 
yellow liquid oozes out on squeezing them. and 
the roots ultimately rot. All the above-mention- 
ed crops are cultivated durifTg the summer 
months and root-rot is active from the beginning 
of June right up to the end of October. 

Vasudeva [1935] also reports that root-rot 
affects several crops in tlie Punjab and that the 


causal organism is probably the same in all cases, 
i.e. Rhizoctonia bataticola (Taub.) (But}.). In 
Sind the root-rot of cotton is caused by t wo fungi 
Rhizoctonia bataticola (Taub.) ButL BJid, Pusarinm 
coerideurn (Lib.) Sacc. Both cause the disease 
either singly or together. This investigation 
was undertaken to find out whether the cause of 
the disease in different crops mentioned above 
is the same in Sind. 

Material and hethOds 

Eot-affected roots of castor, sunn-hemp, til 
(sesame) and guar were collected at different times 
from different places. Isolations from them were 
made at regular intervals, Ptor isolation of the 
causal organisms (1) the mercuric chloride-sterile 
wateij and (2) silver nitrate-sodium chloride 
methods were used. Numerous types of fungi 
were obtained in isolations from each crop. 
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Fungi PemioiMwm were not taken into 
considerationj and others were grouped together, 
to avoid handling a large number of isolates. 
The basis of grouping them together was the 
same as in the case of cotton, i.e. discolouration 
of the mediums presence or absence of aerial 
mycelium and spore-bearing structiu'es. 


Table I ' 

Types of fm^yi isolated from different crops 


Type 

No. 

Aerial 

myceliimi 

Discolouration 
of medium 

Spore bearing 
structures 

' 'I 

Whitish flufiy . 

Light brown 

None 

■ 2 

■PiBlciHh 

Pink . 

None 

n 

None , 

None 

Abundant scierotia 


Scanty whitlsti . 

l>ark Itrowrt 

Abundant sclerotiti 

f) 

Wliite 

Dark browti . 

Abundant sclerotia 

tv 

Dirty withe 

Black. 

Abundant .sclerotia 

7 

Buff- . 

Brown 

Pinnotea present 


It was found that isolates No. 1 and No. 3 
appeared most frequently and that they were . 
Fusmiam and Rhkoetoma, respt'ctively. Both 
of them were selected for (*arrying out. further ' 

infection experiments. 

Infection tests' 

Experiment I \ 

Inoculum was prepared in the usual way by i 

growing cultures of RMzocionia isolated from ! 

each crop .on soil and wheat flour. The seeds [ 
of various crops wei'e sown in pots containing 
sterilized soil, and in between the two layers of | 

inoculum, 12 seeds w^ere sown in each pot. ? 

The seedlings emerged Ironi the soil 10 days 
after sowing. Twenty-five days later wilting 
\vas observed. The experiment terminated on 
20 June 1941 and the final figures are given 
in Table II. 


Table II 


Oermination and roitiny tdth isolates of Rhizoctonia from different crops 


Type of isolate 

Crops 

Total No. of 
seedlings 

No. of seedlings 
which rotted 

' 

riermmatio,n 
percentage ■ ' 

Kotfcing , 
percentega 

' 

Bolale from cotton 

Cotton 

31 

13 

64-5 

41-0 


Castor . . . 

33 

18 

08*7 

54-5 


Sunn -hemp 

40 

21 

83-3 

52*5 


Guar 

43 

,26 

79-5 

00*4 


Til . . . . 

45 V 

■%. 

27 

03-7 

604) 

Isolate from castor 

Cotton 

20 

16 

60*4 

35-1 

Simn-hemp 

27 

12 

66-2 

, 44*4'. ' 


Giiar 7 . . 

37 

10 

77-0 

274) 


Castor 

j 35 

10 

72-0 

54*2 


.Til , 

39 

16 

81-2 

414) 

Isolate from snnn-hemp 

Cotton . . . 

32 

■'17. 

6641 ; 

1 85*4 i 

53-1 

1 Castor . . . 

41 

., 22 ■ 

■ 53*6 


: Sunn -hemp 

36 1 

16 

1 73-0 1 

41*6 


Guar - . 

35 ■ ' ■ I 

21, 

72-9 i 

60*0 


1 Til . . . . : 

43 

■■ ■ 31 ; ' 1 

! 70*5 . 

72*0 

Isolate from (fuar 

' Cotton . . . 

20 

16 

60-4 ‘ 

56* i 

Castor 

20 

13 

604 

! -44*8 , 


Sunn -hemp 

31 

17 

■ 64*5 

1 54*8 


Guar 

33 

■■ 21 • ■ ■ 

68*7 

1 63*6 


.. Til . . . . 

37 

15 

i 774 ) 

i 40*5 

!. 

Isolate from tit . 

C^,>tton 

34 

,13 

70-8 

i 38*2 

Castor . . . 

37 

21 

774 ) 

i 66*7 


Sunn-becop 

■ 32 ' 

17 

1 66-6 

1 53-1 


Guar 

35 

16 

1 72*0 

45*7 


Til , .. - ■ , 

- 42 

22 

1 , .'87*5 

1 52*3 
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Isolations were made from one of each, series 
and the cultures so obtained w^ere compared 
with cultures with which they were infected. 
Practically in all the cases they were found 
to be the same. Thus it is quite clear 
from Table 11 that rotting in case of all the 
crops is caused by Rhizoctonia and the fungus 
isolated from the rotted roots is pathologically 
the same. The results obtained in this expert 
inent were confirmed. 


Expenmentll 

Similar experiment was carried out with 
fimn isolated from the rotted roots of the 
above-mentioned crops. Inoculum was prepared 
in the usual w^ay and pots were infected as de- 
scribed above. Twelve seeds were sown in each pot. 

The seeds germinated 10 days after sowing 
and first W’ilting appeared 29 days after germina- 
tion. This experiment terminated on 25 Sep- 
tember 1941. The results of the experiment are 
given in Table III. 


Table III 

Germination and rotting percentage tvith isolates of from the affected roots of vanoiis crojys 


Tyj)f‘ of isniato 

(lro])s 

Total No. of 
seedlings 

No. of seedlings 
Avhich eventual l;v 
rotted 

j Germination 

I percentage 

Rotting 

j)(‘rctentage 

Isolate from cotton 

Cotton 

25 

^ 7 

i 

52-0 

28*0 


(l-astor 

23 

8 

1 47-9 

34*7 


Sunn -hemp 

27 

6 

56*2 

33*3 


Guar . 

30 

15 

62*5 

50*0 


Til . ... 

45 

25 

93*7 

55*2 

Isolate from castor 

Cotton 

23 

6 

47*9 

26*0 


Castor 

29 

11 

60*4 

37*9 


Sunn-hemp 

35 

13 

72*9 

:'...37*1 ■ 


Guar 

32 

12 

66*6 

' .37*5 ' 


Til ... 

46 

20 

95*8 

43*4 

Isolate from sunn-hemp 

Cotton . . 

24 

8 

1 50*0 

! ’ 33*3 


Castor 

17 

5 

1 35*4 

29*4 


Sunn -hemp 

40 I 

15 

i 83*3 

37*5 


1 Guar 

30 

15 

62*5 

50*0 


Til .... 

40 

15 

83*3 

37*5 

Isolate from gmr 

Cotton 

20 

5 

41*6 

25*0 


Castor . . . 

26 

6 

54*1 

23*0 


Sunn-hemp 

30 

10 

62*5 

33*3 


Guar . . 


6 

54*1 1 

23*0 


Til . . • • 

39 

25 

81*2 

64*1 

Isolate from /// . 

Cotton 

19 

4 

39*5 

21-0 


Castor 

29 

9 

60*6 

31*0 


Sunn-hemp 

20 

6 

41*0 

30*0 


Guar . 

36 

11 

75*0 

30*5 


Til . V . . 

43 

16 

89*5 

■37*2 


Isolations were made from each one of the 
series and the cultures so obtained were compared 
with the cultures with which they were infected. 
In all cases they were found to be the same. The 
results obtained in the above experiment show 
that Fiisarium isolated from the above-mentipned 
crops is also capable of causing root-rot in case 
of all the crops. This shows that Fusaria isolat- 
ed from different crops are pathologically similar. 


Morphology op the root-rotting fungi 
Various types of Rhizoctonia isolated from 
different crops were growm along wuth a known 
culture of Rhizoctonia bataticola (Taub.) Butl. 
obtained from the Imperial Mycologist, ImperiaJ 
Agricultural Eesearch Institiite, Mew on 

potato dextrose agar and oatmeal agar. Measure- 
njients of sclerotia and breadth of mycelium were 
taken. In all the cases, measurements of the 


boot rot of Piy 


3ii 


breadth of and were found 

to be the same. Diameters of sclerotia were 
found to range between 60-1 20|i. 

These isolates never formed pycnidia although 
they w^ere grown in several other media and media 
with varying pH. Morphologically these isolates 
resembled Rhizoctonia hataticola (Tanb,) Biitl. 
in all respects and therefore they have been given 
that name. 

The Fusaria isolated from the affected roots 
of the above-mentioned crops w^ere growm on 
Wollenwmber’s [1925] standard media for 
Fimirium. 

Goloum of the mycelium were noted after 
14 days growth. Measurements of 200 spores 
in each case were taken on 2 per cent potato 
dextrose agar. Aerial mycelixiiii was present 
in all cases. Bluisli green sporodocliia were 
also present wliile scierotia were absent. 
Only ill e.as(.‘ of isolate from til, there was a con- 
centration of spores on tlu^ surface of the medium, 
resembling a pionnote. Terminal chlamydo- 
spores were produced in abundance by each 
isolate on practically every medium while the 
inter-calary chlamydospores were mostly pro- 
duced on potato cylinder or steamed rice. The 
length and breadth of micro- and macro-conidia 
were found to be the same in all cases and w^ere 
found to varv in the following range : 


0 — Septate 

1 — Septate 

2 — Septate 

3 — Septate 


. (6-15) (3-6)|x 

. (9--20) ■ (3— 6)fx 

. (13-33) (3-7)g 
. (25-40) (3— 7)(x 


Disi'rssiox 

■ The isolations carriofl out in this study have 
showm that root-rot in cotton mid f*ertain other 
crops is caused by a speci(\s of Rhizoetonia and 
Fitsarium. It has alrcculy betni I'epmted bv 
Prasad [1944] that Vxsaritnn cocnileiim (Lib.) 
Sacc. is associated with root-rot of cotton in Sind. 
On careful comparison of the cultures of all tln‘ 
Fusaria imhied from the alxive-mentioned (.‘rops, 
it has been definitely established that they belong 
to the species of F}/sarinni coeruh^iun (Lib.) 
Sacc. A similar stiidv of Rhizoctonia sp. i.solate<l 
from the aflected roots l*as iinbVated that it 
lielongs to Rhizoctonia bataticola (Tanb.) Biitl. 

Summary 

Isolations carried out fimn the rot-idfected 
roots of cotton, (iistor, smm-lninp. gaan and til 
yielded cultures of Rhizoctonia and Famnaoi. 
Both of these fungi were found to be paiu.sitie 
and further isolates of each one of tlnun frmn 
different crops W(*re found to be morpliologically 
and pathologically similar. They were identified 
as Rhizoctonia bataticola (Taul).) Biitl. and 
Fusarimn coernletim (Lib.) Sacc. 
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mnZGCTONJA ROOT-EOT OF PAN (PIPEB BETLE) IN EEMTTON TO 

MANURING 

By S. CiiowDiroEY, Plant Patliologi^l Laboratory, Sylliet, Assam 
> (Received for publication on 17 June 1944) 


Root-rot of fan {Pifer betle Linn.) due to 
Rhizoctonia solani Kuhn is very serious in Assam 
and causes heavy damage to the crop wherever 
it occurs. Mustard oilcake is the only %ianure 
used for fan. It is ground very fine, spread 
along the ridges and then covered with a very 
thin dressing of soil. During the first year of 
planting oilcake is applied at the rate of 12 md. 
per acre and during the subsequent years it is 
applied at the rate of 36 md. per acre. Manur- 


ing is done during the rains, once a month com- 
mencing from May and ending in September 
or October. Equal quantities of manures are 
applied at each application. In all, usually five 
or six applications are made during a year. 

Oilcake is an organic manure and it wvas pre- 
sumed that it might serve as a nutrient medium 
for the growth of Rhizoctonia and might influence 
the root-rot disease of fan and that the virulence 
of the disease might be checked or minimized 
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f;r ropiaciuK oilcakes by fertilisers. Had this 
bcffii possible it might have been possible to 
control the disease to a certain extent by this 
indirect inetliod. 

In order to test the tnitli of this assumption 
;cnd the possibility of check ing‘ completely or 
partly tht.^ disease by manuring the plants with 
ftndilizors an experiment was carried out. The 
results of this experiment are recorded in this 
paper. 

Materials aki> methods 

TliO experiment was laid out in a boroj land 
wliere all tlie plants have died of Rhizoctonia 
root-rot. The land was given an additional dose 
of infective material by incorporating with the 
soil cultures of Bhizocioma solani Kuhn grown 
on sterilized 'paddy straw. The entire plot was 
divided into six blocks and each block into five 
plots of equal size. The randomized block 
system of layout was followed. Each plot was 
45 ft. xr2 ft. There were 30 rows in each 
plot and 10 -pan setts were planted on each row. 
Planting was done on 15 September 1940 and 
only healthy setts were planted. 

The first manuring was done during the first 
week of May, 1941 and the subsequent manur- 
ings during the months June, July, August, 
September and October, 1941. 

During the second year manuring was com- 
menced in April and ended in September, 1942. 
Six applications were made, one application in 
(‘ach of the months AjHil, May, June, July, 
August and September. 

In every case the manuring was done the same 
(lay and at th.e same time. The method of 
application, was also ilie same. Tlie oilcake was 
ground very fine, then spread along the ridges 
and afterwards covered with a tlun layer of fine 
eartli. The fertilizexs, on the other hand, w«r‘e 
mixed with an equal quantity of fine earth, 
thoroughly mixed together and then applied 
along the ridges just like oih^ake and tlien covered 
with a thin layer of soil. 

The treatmexits were as follows : 

A. Mustard odmke. Applied at the rate of 
984 11). per acre during the first year, 1941, and 
at the rate of 2952 lb. during the second year, 
1942. Samples of the oilcake applied were 
analysed and found to contain on ah average 
5*1 per cent nitrogen, 3-13 per cent phosphoric- 
acid and 1-35 per cent of potash. 


[ XI? 

B. Sodkmi nitrate. Applied at the rate of 
321 lb, per acre during the first year, 1941, and 
at the rate of 963 Ib. during the second year, 
1942. The samples were found to contain on 
Ml average 15*6 per cent of nitrogen. 

C. Ammmmm MilpJiaie, Applied at the rate 
of 242 lb. per acre during the first year, 1941, 
and at the rate of 726 lb. per acre during the 
second year, 1942. The samples were found to 
contain on an average 21*0 per cent nitrogen. 

D. Mixture of sodkmi nitrate, superphospJmte 
and potassium sulphate. A mixture containing 
321 lb. of sodium nitrate, 200 lb. of superphosphate 
and 25 lb. of potassium sulphate was applied per 
acre during the first year, 1941, and a mixture 
containing 963 lb. of sodium nitrate, 600 lb. of 
superphosphate' and 75 lb. of potassium sulphate 
during the second year, 1942. Superphosphate 
was found to contain 16 per cent of phosphoric 
acid and potassium sulphate 48 per cent of potash. 

E. Mixture of ammonium sulphate, super- 
phosphate and potassium sulphate. A mixture 
containing 242 II3. of ammonium sulphate, 200 lb. 
of superphosphate and 25 lb. of potassium 
sulphate was applied per acre during the first 
year, 1941 and a mixture containing 726 lb. of 
ammonium sulphate, 600 lb. of superphosphate 
and 75 lb. of potassium sulphate during the 
second year, 1942. The percentages of phos- 
phoric acid and potash were the same in super- 
phosphate and potassium sulphate respectively 
as in D. 

EIxPERTMENTAL RESITLTS 

After manuring the number of deaths occur- 
ring in each of the plots was noted and are recorded 
in Tables I and II for the years 1941 and 1942. 
Tlie dead plants were collected and examined ; 
it was found that in all cases the deaths occurred 
due to tlie att^ach of the ]>ai‘asite Rhizoctonia 
solani Kiilui. 

It will be observed from the data presenl-ed in 
Tables I and 11 that the percentage of death is 
practically the same for all the treatments, there 
being no significant difference. As regards the 
yield (# leaves it will he noted tliat it is slightly 
more in the oilcake-treated plots during both 
the years tliau in ih<‘. plots treated with the 
fertilizers. 

As to the general growth of tlie plants due k> 
manuring it was found that the eflfects of the 
artificials were earlier visible on tlie plants than 
oilcake but in the long mu no difference could 
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be noticed between the plants given cliflfereiit 
treatments; the height of the plants, the sbe 
and colour of the leaves and the general vigour 
of the plants were indistinguishable. But during 
the cold vreather and early part of the dry season 
(November-lpril) it was found that the ^oilcake- 
treated plants were in a better state of health 
and thriftiness than those receiving the artificials. 
This is probably due to the fact that oilcake 
increases the organic matter and humus content 
of the soil and thus helps the conservation of 
moisture. Further, the plant food materials 


contained in oilcake beemne gradually and slowly 
available to the plants ; thus its effects are more 
lasting than the effects of the artififuals. Another 
distinct advantage of oih*ake over artificials 
was also noticed ; it was found that iti a region 
of heavy rainfall like Assam tlie chances of the 
manure getting washed away i>y the heavy show- 
ers is more with respect to the. artificials than 
with oilcake. 

The same experiment s wave repeated during 
the years 1942 and 1942 and results exactly 
similar to those cited above were obtained. 


Table I 

Effect of mmmrmg on the incidence 0 / Rhizoetonia root-rot o/pan {1941) 


Treatmeiits 

Founds of fertilizing 
ingredients applied per acre 

llepHeat ion 

Total number 
of setts 

Xumber of 
deaths during 

Fer<‘»‘ntage 

of 

1 

Average : 
pereentuge 
uf death ( 

i 

Yield 

of 

4 verto-fe 

yield r*f 
leaves 


■ Xa ■ 

3PaOr. 

K,0 


planted 

the year 

(leatii 

f(»r the I 
lieaiHiejit 

.leaves 

Ibr the 
treatment 





1 

300 

>2 

17-3 


U,004 






2 

300 

. 62 

20-6 


11,424 


A. 

CO 

0 

S0*8 

13-28 

f> 

300 

r>6 

18-6 

10-4 

13,712 

inoiX) 





4 

300 

72 , 

24-0 


10,944 






5 

300 

40 

16*3 


12,048 


, 




6 

300 

r,9 

19-6 


11,568 






1 

300 

61 

20-8 , 


0,790 






2 

300 

52 

17-3 


10,368 


B 

50-7e 



0 

300 

70 

23-3 

1.0-36 

0,200 ; 

ii, 85-2-8 





4 

300 

52 

17-3 


10,021 i 






5 

300 

51 

lS-0 





■ . 




300 

t>0 

20-3 


9,840 






1 

300 

58 

■ 19-3 


‘0,022' 






2 

300 

62 

20*6 


9,758 


C 

ft0*82 



3 

I ' " -300 . 

50 

ifi-a 

19-68 

10,250 

9.873*6 





4 

300 

60 

23-0 


0.471 






5 

300 

50 

„ 18-6 


10.004 


V ; . , 




0 

300 

60 

,20-0 


0.837 






- 1 ■ 

300 

51 

17‘0 

. 1 

1 

1<K207 1 






2 

300 

50 

10-6 

1 

0,881 1 


n 


32*0 

12-0 

.3 ■ 

300 

48 

ni'O 

r . 

19*53 1 

10.323 ; 

' 

0.805* ! 





4 

300 

69 

; ■ ' 234) 


9,476 j 






ft 

' : 300 V 

1 ' ■■m ' ^ 

1 ■: itw> 


9,963 } 






■fi ;■ ■ 

300 

\ m 

1"' 22-6 


0,521 1 





- 

1 

300 

61 

' 20-3 


0.789 






' 3 

300 , 

'52 

■ ' 17-3 ■■■■ 


10,187 



do-82 

32*0 

12-0 

i> 

300 

1 

15‘6 

10-51,,':. 

10,376 

0,845-8 





"A"'/" 

300 

60 

■ . 23*0 , 1 


0.482 j 






Ay 

300 

53 

17-6:A'.I 


30,032 ; 






, , n' 

; 300 ”;: 

70 

23-3 


. .... 9,210 : 

i 
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Table II 


Effect of manurvng on the incidence of Rhizoctonia root-rot of pan (1942) 


Treat rneuts 

I^ounds of fertiliziii}? 
ingredients applied per acre 

^ Replication 

Total numbe 
of setts 

r Number of 
deaths diiriii< 

Percentage 
jf of 

Average 
percentage 
of death 

Yield 

of 

Average 
yield of 
leaves 


PA 

KssO 


planted 

the year 

death 

for tile 
treatiiient 

leaves 

for the 
treatment 





1' 

248 

39 

15*7 


15,049 






2 

238 

31 

13-02 


. 14,894 


A 

150*55 

92-4 

39*85 

3 

244 

39 

15-0 

15-08 

14,742 

14,749*5 





4 

228 

20 

12-7 


14,297 






5 ■ 

251 

42 

1(5-7 


15,040 






0 

241 

40 

10-5 


14,409 






1 

239 

28 

11-7 


14,7(59 






2 

248 

41 

10-5 


14,490 , 


B 

152-28 



3 

230 

37 

10-07 

15-2(5 

13,497 

14,335-2 





4 

248 

39 

:i5-7 


t.^4,(529 






■ 5 

24 « 

42 

17-07 


t.1 4,27(5 






0 

240 

35 

14-5 


14,329 






1 

242 

41 

1(5-9 


14,0(59 






2 

238 

30 

12-0 


14,559 


C 

' : 152-4f, 



3 

250 

38 

15-2 

15-31 

14,829 

14,360-0 





4 

S 231 

30 

15-5 


14,252 






5 

. -244 

39 

15-0 


14,349" 

i ^ 





0 

240 

38 

15-8 


14,138 






1 

240 

1 : ■ 47 

18-8, 


14,139 






. . 2 

.241 

1'...- . m 

14-0 


14,349 


I) j 

152*28 

90-D 

30-0 


252 

43 

17-00 

15-85 

14,629 

14,314-3 





4 

231 

29 

12 '5 


14,132 






5 

243 

41 

lO-S 


.14,245 






(> 

232 

35 

15-08 


33,792 






1 

230 

41 

17-i 


13,858 






2 

248 . 

39 

16-7 


14,508 


E 

152*40 

90-0 

3G-0 

3 

253 

40 

18-1 

15-80 

13,927 

14,304-8 





4 

231 

32 

13-S 


14,399 






5 

247 

40 

li>2 


14,470 





1 

6 

230 

31 j 

13-9 


14,931 

J 



Conclusions and summary phosphate and potassium sulphate. The 3 aeld 

As a result of Ihe experiments conducted with leaves, however, has been found slightly more 
difPerent manures it was found that the percent- in fh® oilcake treated plots, 
age of death of pan plants due to the attack of 
Rhizoctonia nolani Kuhn is not influenced by 

the nature of the fertilizing material. The per- Acknowledgements 

centage of death has been found practically the My thanks are due to Dr O. W. Padwick, 
same in the plots receiving oilcake, sodium nitrate. Imperial Mycologist, Imperial Agricultural Re- 
ammonmm sulphate singly or sodium nitrate or search Institute, New Delhi, for critically goinc^ 
ammonium sulphate in combinations with super- through the manuscript. ” 



A LEAF SPOT OF CARICA PAPA YA L. CAUSED BY 

. PHYLLOSTWTA 


A NEW SPECIES OF 


By S. Chowdhury, Plant Pathological Laboratory, Sylhet, Assam 

(BeceiYed for publication on 20 June Hl4 j 1 
(With Plate XU and one text-figure) 


At Haflong (Assam) and its vicinity in the North 
Cachar fapmja {Garica papaya L.) is grown 
extensively by the hill people. The plants are 
raised on the hill slopes and once established 
they receive practically no care. 

In 1940, a very serious leaf spot due to a species 
oi Phyllosticta was first noticed in these planta- 
tions. The disease has been observed ever since 
and causes considerable annual damage. It is 
as a rule prevalent in the months of September 
to January after which it is practically absent. 
The disease has not so far been observed in any 
other part of Assam. 

Symptoms OF the disease 

The spots are restricted entirely to the leaves, 
and vary considerably in size ; some are small 
and roundish, being a millimeter in length and a 
millimeter or three-fourths of a millimeter in 
breadth; others are irregular, oval or elongated 
having a size 3-15 mm. in length and 2-11 

mm. in breadth. The spots are almost 
white in the qentre and often bounded by a 
yellowish or brownish margin which gradually 
merges into the normal green of the leaf. The 
central portion of the spots is thin and papery 
and ultimately becomes brittle and falls ^ out, 
giving a shot-hole appearance. In this portion 
are seen a number of minute dark brown to black 
pyciiidia. The spots are usually isolated but 

may become confluent, forming big patches. 
Sometimes a large number of spots develop on 
the leaf, which then turns brown, dries up and 

is shed. Plate XII shows the symptoms of the 

disease. 

Morphology op the parasite on the host 

Pycnidia, The pycnidia (Fig. 1, a) are formed 
on the dead portions of the leaf spots, on the 
upper surface. They are at first sub-epidermal 
but later become erumpent. They are globose 
to sub-globose, usually with distinct ostioles, 
dark brown to black and measure 80-115 X 
60-95 (Jt. 


In sections the pycniclial wall is tliiii below, 
consisting of one or two layers of dark eoloureil 
stroma, but is much thicker at th(‘ top : aftiw 
the formation of the ostiole ihu thiukiaied wail 
persists around the sliort iieek. Next to the 
wall witliin are the narrow sporogeimus layers 
of hyaline parenchyma cells hearing the coni- 
diophores. 



a 


Fra. 1. — a : Section thimgli a pycnidiiiiB ; 
h : Pycnospores 

Pycnospores. The pycnospores are liberated 
through the ostiole in a mucilaginous mass. They 
are hyaline to sub-hyaline, straight to rarely 
slightly curved, rounded at both ends. They 
range from 5-10 jx in length and 2*5-3 p. in 
width. 

Gonidiophores. The conidiophores arise from 
a hyaline sporogenous layer of cells which is 
supported by a colourless pseudoparenchymatoiis 
sheath lining the dark wall of the pycnidium. 
The. sporogenous layer is composed of very small 
and narrow cells from which the conidiophores 
arise. The conidiophores are simple and uni- 
cellular. 

Mycelium. The mycelium permeates the 
entire area of the leaf spot and even extends 
slightly to the surrounding area. The liyphae 
are both inter- and intra-celliilar and septate 
and branch irregularly. 

Isolation ;and iNocttrLATiON experiments 

Isolation. The fungus was readily brought 


'^1 

1 
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into culture by transferring surface sterilized 
bits of affected portions of leaves to oat agar 
plates. A large number of isolations were made, 
all of wliich yielded the same fungus., 

Ivomlafiou experlntevts. Inoculation experi- 
ments were carried out on papaya plants both 
in the laboratory and in the fields. For con- 
ducting the inoculation experiments in the 
laboratory plants were raised in pots and then 
subjected to infection. Two methods were fol- 
lowed : spore suspension in sterile water was 
spraj’ed on the leaves, or a culture containing 
tlic niyceliuni and crushed pycnidia was placed 
on unwounded surfaces of the leaves. All the 
plants after inoculation were kept closed in a 
glass house, which was kept moist by occasional 
spraying witli sterile water. After 24 to 48 hours 
file plants were removed from tlxe glass house 
and kept in the open. They. were occasionally 
sprayed with sterile water. 

Fifty- two plants were treated in this 
All the plants took infection. When cultures 
containing mycelium and crushed pycnidia were 
used as inocxila the signs of infection were visible 
in 4 to 6 days; in case of spore suspensions the 
symptoms were apparent after 12 to 17. days. 
The inocula were placed both on the upper and 
the lower surfaces of the leaves but infections 
were successful only when the inocula were 
placed on the upper surface. All the controls 
remained healthy. 

In the field, infection experiments were carried 
out by means of bits of culture containing myce- 
lium o,nd crushed pycnidia of the fungus. Leaves 
of the plants were first sprayed with sterile Avater 
and then the inocula Arere placed at selected 
places on the upper surfaces of the leaves by a 
sterile needle. The inocula AA-ere thereafter cover- 
ed with small pieces of sterile absorbent cotton 
made Acet by dipping in sterile water. The 
inoculated leaves were sprayed Avith sterile AA^ater 
from time to time in order to keep the inoculated 
places moist. After four to six days, infection 
became visible. In all 217 inoculatioiis Avere 
made on a number of plants in the different 
plaiitatiojis at Haflong and Jatinga in the North 
(Jaclxar Hills and 97 per cent of tlie 
inoculations aati'c successful. Plants tlxat Avere 
left uninoculatcd but otherAvuse given the same • 
treatments and Avere standing in close proximity 
to those inoculated reinai|j.ed healthy. 

All these experiments prove Ixcyond doubt 
{■hs,t the fungus is an actiA^e parasite. 
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From all the infected plants the original fungus 

■ Avas reisolated in every case. 

Groaa'th in cultube 

The fungus was.groAcn' on oat 'agar and on 
papaya 'hihf juice agar. Mycelial groAAdli Avas 
good on both the media. Aerial growth was 
scanty, much, of it AA^as submerged and of a 
spreading nature. Pyeiiidial formation Avas more 
abundant on papaya leaf juice agar than on oat 
agar. 

The mycelium in both the media consisted of 
septate, pale green Ixyphae which branch ir- 
regularly. The mode of bx;anching, the irregular 
form, size and the bulging of the cell Avails are 
very characteristic. ' The young Ixyphae are 
long, slender ; septa are rare and the AA^alls are 
not constricted. Anastomosis is frequent along 
the AA^alls. 

In the old hyplxae the cells are short and thick 
and occupied by large globules of a greenish 
colour ; septation is frequent and the walls are 
prominently constricted at the septa and af the 
bases of the short, stout branches that arise at 
irregular angles. 

Ill culture the pycuidial formation starts on 
the 5th or 6th day. The pycnidia are light brcAAnx 
at first but AAotlx age tlxe colour deepens and finally 
they turn dark broAvm to almost black. They 
are slightly bigger than those formed in nature 
measuring 90-127x 67-107 g. Each pycnidiuin 
has an ostiole and a short neck. Some are 
spherical but in tlxe majority of cases they are 
sub -globose. 

■ The pycnospores are formed in abundance 
Avithin the pycnidia. They are liberated from 
the pycnidia through the ostiole in a mucilaginous 
mass. They are hyaline to sub-hyaline, straight 
to rarely slightly .curved and rounded at both 
ends. They measure from 5 to 10 g in length 
and 2*5 to 3 g. in width. 

Identification of the paeasitb^^^^^^^ ^ 

On going through the relevant literature it 
Avas found that two species of PhylloHticia have 
been recoxxled on Carica papaya. They are 
Phylloslicta Papayae Sacc. and P. Ckiricae-Pajyayac 
Allesclx. The reported spore measiireiiient data 
of these two fungi along with that of PhyUosticta 
sp. from North Cacha^r Hills are recorded in 
Tabic I. 
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Table: I ' 


Coiftpamfive spore measKreinevts of specks of 
rh}'iIosticta ocourriiKj on Carica papaya 


Finigus , 

Bimeiisioiis 
of spores 

Colour of spores 

PhyUosticta Papaya t . 

2-5— 3-5x1 H 

Hyaline 

P. Caricae-Papaym 

3-0— 4-0 XI ii 

Hyaline 

PhyUosticta from North 

5-0-10-Ox2-6-3ii 

Hyaline to sub* 

Oachar Hills 

hyaline 


have .not hwn ujiflertak«*ii. Liinife^l 
and eirc-iimstantial evifli‘iir#\ Iiave 

(leii.ionstrated that I In* parahite livr.H iaer nn 
infected plant debris in the seiL 

In January JO'fJ pieeiss uf nalundly iiifeeted 
.leaves were, wrapped in iissue paper and rarried 
tliroii.g.l:i the rest of th,e wiiitfU' a.iid tin,' suiiuner 
iiiontlis mider the following eonditions : 

(i) .Hting on the tree in t,l.ie op«n.L . 

(ii) Placed on the surface' (»f the groiiud. 

Isolations were made {toiu tliese. materials ir* 


It is evident from tlie comparative spore 
measurement data presented above that the 
spore measurements of PhyUosticta from North 
(lachar Hills take it outside any ]3robable varia- 
tion of PJiyllosHcta Papa/ym and P, Carkae- 
Papayas. . 

A few diseased papaya lea\u>s were sent to 
Mr E. W. Masoiiv Imperial Myeological Institute, 
Kew, Surrey, England, for help in the identifica- 
tion of the parasite. He wrote ‘ I cannot find 
that it has been described under any name in 
our systematic lists’. The fungus is therefore, 
considered a species new to science for which 
the name PkyUostieta sulata is proposed. 
PhyUosticta suhta Ghowdlmry Sp. Nov. 

Pycniclia first sub-epidermal, later becoming 
erumpent, globose to sub-globose, dark brown 
to black, 80-115 x 60-95 p, usually with distinct 
ostioles. Pycnospores unicellular, hyaline to sub- 
liy aline, straight to rarely slightly curved, round- 
ed at both ends, measuring 5-10x2*5-3 p. 

Parasitic on the leaves of Gariea papaya L. 
Haflong, Assam, 7 November 1940. Collected 
by S. Ohow^dhury. 

Type specimen deposited in the Herb. Crypt. 
Iiid. Orient., Imperial Agricultural liesearcli Insti- 
tute, New Delhi. 

Pycnidiis prime siib-epidermalis, tunc eruixi' 
peiitis, globosis vel sub-globosis, atro-brimneis vel 
iiigris, 80-115x60-95 g, plerumque distincte 
osteolatis. Pycuosporidiis uriicellularis, liyaliais 
vei sub-hyalinis, rectis vel sub-curvatis, basis et 
apicis rotundatis, 5-10x2*5-3 p. 

Parasiticis in foliis Oar icae papayas L., Haflong, 
Assam, 7 November 1940. S. Chowdhury 1h?g. 

Typus in Herb. Crypt. lud. Orient., Imperial 
Agricultural Research Institute, New Delhi. 

Perpetuation and disseminatton of the 
PARASITE 

Intensive studies to determine t!i.e mode of 
]>c.rpetuatioii and dissemination of the parasite 


August and. September 1942 jukI, thv fungus was 
recovered in every instancfu luo^uilaiimi experi- 
ments were carried out by using these' isolations 
as inocula and in. 92 per cent eases tlu' iiifeeTiuns 
were successful. 

In the papaya plantatious in tin* North Pa<‘.liar 
Hills, where plants are grown 0 !i hill sl<.)p{‘s, 
sanitary methods of cultivation <\ro not at all 
followed. Fallei^ leav<*s of papaya. [>lanf.s are 
allowed to remain and rot in the ground. In 
every plantation one conies acro^ss |)iles of fallen 
leaves lying about. From tliese piles a large 
number of isolations wc‘re made during the 
years 1941 and 1942, beginning from February 
and ending in September. In all cases the fungus 
was recovered. It can thus safely be concluded 
that the parasite perpetuates in the plant debris 
in the plantations. 

Careful observations indicate tliat t!ie parasite 
is disseminated through the agency of wind. 

The disease has been found to appt^ar every year 
during the later part of September. During 
this time there is scanty rainfall but there is mi ' j 
excessive fall of dew, which lielps the pycni<lia j 

to burst, liberating the pycnosporcv^ and allowing 1 

them to germinate. | 

Control and prevention i 

From these studies it will ]>e evident that the 
disease can be controlled by systeniatii* coliec- 
tion and destruction by burning of the alfi'cted 
leaves that lie on the giuuud and serve as a | 

source of inoculum. ■ 

PreYcntive methods have been carried out | 

with success. In five plantations 20 to 25 [ilants 
in each of tlic plantatious were (auefuHy sprav<sl 
with one per cent Bordeaux mixture during the 
latter part of August, 1941 ; they were given a 
second spraying on 15 September, a third spray- 
ing on 15 October and a fourth on 15 November, j 

Spraying was done carefuny so that the surfaces 
of sprayed loaves wore uniformly ;i.ud tlioroughly 
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covered with t-lic spra}- fluid. It w^as found that 
the sprayed plints ■ were either ahsolntely free 
from infection or there w^ere fewer spots on them 
in comparison with iinsprayed control plants in 
close proximity* The spray trials conducted 
in 1942 liave fuither brought out the fact that 
three sprayings (latter part of August, 15 Sep- 
tember and 15 October), if carefully and thorough- 
ly done, are sufficient for keeping the disease in 
check. But if perchance there is a heavy shower 
iminediately after giving a spray it becomes 
necessary to give the plants an additional spray 
immediately after the rain. 

Above all it has been found that unless efforts 
are made to destroy the source of infection by 
the systematic collection and destruction of the 
affected leaves and burning them, it is not easy 
to keep the disease under control and to check 
or minimize the loss it causes. 

„ SUMMAKY 

A leaf spot oi C mica ])apaya L,, due to a 
species of PhyUoslicta, has been found to occur 
at Hafloiig in the North Cachar Hills. 

Symptoms of the disease are described. The 
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fungus has been isolated and inoculation experi- 
ments carried out. It has been found that the 
fungus is a virulent parasite. 

The fungus has been studied both in culture 
and on the host and found to be a species new 
to science, which is given the mme Phyllosticta 
sulata, ^ 

The parasite survives in the affected leaves 
lying in the plantations and is disseminated by 
wind. , 

It can be controlled by systematic collection 
and destruction of the affected leaves and pre- 
vented by spraying the plants with one per cent 
Bordeaux mixture. ^ 
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Intboduction 

As the main operation of stirring or loosening of 
the soil in agricultural fields for sowing purposes 
can best be done with plough only, the plough has 
become an indispensable implement for the agri- 
culturist. Recorded history does not give the 
origin or the exact date of its coming into exist- 
ence. However, it appears to have existed in the 
eastern countries as early as 2500 B. C. In 
Ramayana its name is mentioned as Nagali and in 
Mahabharata as Hala, which terms are still in use 
in many parts of India. When the idea of 
agriculture and cultivation entered the mind of 
man, he tried to prepare seed beds with the help of 
crowfoars and by beating the bulky clods into 
powder with hammers and axes. This practice 
of beating the clods appears to have existed in 
England even in the Saxon period. As man progres- 


sed, his needs for agricultural produce multiplied, 
he began to make attempts to improve upon the 
primitive devices of seed-bed preparation and 
succeeded in evolving a plough based on lever 
principle. From literature it appears that 
the earliest plough was an irregularly bent branch 
of a tree. Later on, with the advance of science 
and civilization, people realized that the economic 
prosperity of a country depends to a considerable 
extent on the increased output of the agricultural 
products. With such an end in view every country 
took up the problem of improving the plough by 
applying scientific principles to suit its local con- 
ditions and tlie power available for work. In 
Europe and America extensive efforts have been 
made to improve the plough from the draught as 
well as the efficiency point of view. With the 
harnessing of mechanical power to agriculture 
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various attempts ha.ve beeu made to improve the 
plough by moclifyiiig shares, by inserting mould- 
f boards and finally inanufactiiring thein with iron. 
The discovery of high grade steel has made possible 
further improvement in the shape of shares. Based 
on similar piinciples a number of implements have 
been designed, including single and multifurrow 
' ploughs. But in India, Egypt and other Asiatic 
countries little progress in the improvement of 
plough has been made. Some improvement can, 
nevertheless, be said to have been made because 
they are now made in three parts and assembled 
together instead of a single piece of the primitive 
type. The strength has been increased to work in 
all types of soils and at greater depths. A share, 
i.e. an iron rod, is also used to protect the penetrat- 
ing end of the wedge from wear and tear and also 
to ensure deeper cutting. But no experimental 
records exist to show the processes of evolution to 
the present models. We find, that different pro- 
vinces in India, and even diffeiei^t places in the 
same province, have different types of ploughs, 
some differing in weight, some in size of the wedge, 
some in length and some in shape. 

I It will thus be seen that the plough, the universal 
cultivating implement, was first roughly made out 
of a branch of a tree, then by the crude carpenter 
of the early times, and now it is manufactured by 
trained engineers with all the modern appliances 
and scientific resources of civilization. 

Literature 

In foreign countries a systematic study on the 
shape of ploughs has been made with the help of 
mechanics and mathematics. Draught measure- 
ments w^ere recorded by dynamometer as early as 
1840 by Pusely [White, 1918]. The annual report 
, of the New York State Agricultural Society for 
, 1867 [White, 1918] contains a treatise on the 

geometrical construction of the surfaces of many 
historical plough bottoms, but no attempts have 
been made to classify these surfaces on the basis 
of their ' mathematical forms. White [1918] has 
evolved mathematical equations regarding the 
shape of mould boards and has also given methods 
for generating suitable mould board surfaces for 
different soils. In 1920-23, Davies [1924] investi- 
gated the relation between (^) draught and depth 
(ii) draught and width of the furrows, and sho%ed 
that a linear relation exists between them. .Keen 
and Haims [1925] carried out some work at Ro- 
^ thamsted and established a hyperbolic relationship 
between moisture pereentageanddraught. Nichols 


[1930. ;- 1931] studied f!H‘ various soil eoiislaiits 
which would indicate the pliysi^uil fufUcms afiVetiii;^ 
tillage and was led to the conclusion that a d<‘iinitf‘ 
relation exists between fri(‘tioii, value, shear U'sis- 
tance to compression and the Atterbeug insis- 
tency constants. .He also iuentioiuHl tinU- the 
general reaction of the soil to an implement was a. 
function of the physical properties indicated by tho 
Atterberg constaids and could be predicted for aiiv 
moisture content. In further dynamic studies of 
the soil, he established a relationship lietween fric- 
tion and hardness of metal of the plough wedge <ir 
share and the colloidal contents of the soil. Ac- 
cording to him when the coll(.)ida] content exc^eeds 
32 per cent, the friction increases slightly and is 
considered to be the limit for that factor. He 
found that the polish also affects the frictional 
value in heavy soils hut as no ineasure of the ])o]ish 
was available no matlieniatical formula for its 
effect was obtained. 

In Egypt, ploughing is done by wooden ploughs 
resembling much the Indian ploughs, except that 
the share is spoon-shaped, as it has to work in soft 
soils. When the members of the Royal Comrais- 
sion on Agriculture in India [Middleton, Calvert 
and Gangulee, 1928] were touring Egypt they w'ere 
informecl that attention had been given to the 
possibility of improving the local plough hut could 
not be done at the price at -which the competing 
implements would have to be sold in Egypt. 

In India, Charley did some work in Madras 
mostly on foreign ploughs, but the data and mi‘- 
thods followed in, conducting these experiments 
are not available. Godbole [1913] designed a new 
plough and compared it with the existing Deccan 
plough by finding the average resistance required 
to open unit area of the cross-section of the furrow 
■^dth the help of a spring balance dynamometer 
having a pointer moving on a calibrated circular 
dial. He has mentioned that the centre of gravity 
of the plough should he very near the point where 
the heam is fixed to the body. Cloiiston [1906], 
after making comparative studies of foreign and 
Indian agricultural implements, expressed the view 
that the manufacturers of foreign ploughs have not 
considered the Indian agriculturists’ point of 
He modified the foreign ploughs to suit Indian 
conditions by introducing a wooden beam in place 
of chain and iron beam and finally was of the 
opinion that the Swedish plougli. with the above 
modifications gave satisfactory performance. 

However, he did not give any data t<.> substanti- 
ate his conclusions, Henderson [1909 J designed a 
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wooden ploiigli based mainly on experience. This 
plough works satisfactorily on irrigated tracts of 
Sind. On the basis of theoretical arguments Miller 
Brownlie [1922] was of the opinion that a plough 
having the line of di-aw-bar-piill coinciding with 
that of the resultant of the forces due to the soil on 
the plough, will work efficiently even if the plough- 
man is not very attentive. Mayadas and Hansraj 
[1931] carried out some tests to judge the efficiency 
of some improved ploughs by finding the average 
resistance per unit area of the cross-section of 
furrow and horse power required to work them. 
In these expermients they used spring-balance- 
dynamometer similar to the one used by Godbole. 
They also worked them over equal areas and com- 
pared the nature of tilth and the time taken by 
them. Mason Vaugh, Agricultural Engineer at 
Naini Institutej Allahahad, did some work on 
ploughs but he has concentrated his attention on 
iron ploughs only. He has designed a plough with 
four adjustments which can be used for four differ- 
ent operations with slight adjustment of the parts. 
Cliff [1927], while designing cultivator, studied 
the relative merits of all the implements that 
would be useful on an agricultural farm. He 
found that the Indian ploughs leave (a - shaped) 
ridges between furrows untouched and if*the 
stirring was to be done at a uniform depth through- 
out the field, a number of cross-ploughings were 
required and this would take more timek In his 
view all foreign designs were unsuitable to Indian 
condition and a suitable design would find a good 
market in India irrespective of its cost. However, 
he did not attempt to design a new plough as his 
efforts were concentrated on his cultivator. Some 
dynamometer tests on agricultural implements 
were conducted at Pusa (Bihar), but most of these 
tests were restricted to the utility of tractors and 
foreign implements for Pusa conditions. 

Objects axd methods 

From the brief review of literature given above 
it W'ill be seen that much work has not been done 
in India on desi ploughs used in different parts of 
India. With the object of making a comparative 
study, a number of dm ploughs were collected at 
Delhi from different parts of India and attempts 
are made in this paper to classify them from {%) 
constructional,, {ii) soil, climatic, {iv) crop, (^) 
depth and width of furrow, and [vi) draw-bar-pull 
points of view. 

Before classifying the ploughs, we will first give 
brief description of ail the ploughs used in the§6 
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experiments. The notations adopted: are indi- 
cated in Fig. 35. 

Beiep desceiption op ploughs with, other 

DETAILS 

(1) Bellary ^jfdough {Madras). The .dimensional 
diagram is given in Fig. 1. The wedge and the 
body are made in one piece and the beam is fixed 
to the body at a distance of 5 in. from the inner 
bend between body, and wedge. The body, wedge, 
and beam are made of acacia, i.e. hahul wood. The 
beam is of lectangaiilar cross-section 3 in. X 4 in., 
its length being 9 ft. 2 in. The thickness and 
width of the body in the direction and perpendi- 
cular to heani are 5 in. and 7 in. respectively at the 
place where the beam is fixed to it. The wedge 
is a pyramid of equilateral triangular cross-section 
having the maximum section 6 in. side and the 
vertex of the section facing downwards. The 
length of the wedge up to the body is 32 in. and up 
to its intersection with the beam is 40 in. The 
angle of the wedge, i.e. the face angle of wedge at 
the penetrating point is 16° and the angles which 
the wedge makes with the body and beam are 135° 
and 42-5° respectively. A handle is fixed to the 
beam at the back of the body. The length of the 
share, i.e. an iron rod used to protect the penetrat- 
ing point of the wedge from wear and tear, is 26*5 
in. The weight of the plough is 81*5 lb. This 
plough is used in black soils of Bellary and Kimiool 
districts. The crops generally grown in these 
districts are jonna {Andropogon sorghum)^ Tenai 
(Italian millets) and cotton. The ploughing is 
usually done to a depth approximately 8 in. The 
plough is used mainly in rainfed area. The average 
monthly rainfall, on the basis of 37 years, for these 
districts is as follows: January = 0*59 in., 
February — 0-32 in., March = 0-48 in., April = 
1*44 in.. May = 2*36 in., June == 1*46 in., July 
1*46 in., August = 1*13 in., September = 1*51 in., 
October = 6*41 in., November = 3*75 in., and Dec- 
ember = 1*18 in. Two pairs of Mysore bullocks, 
having a live weight 700 to 900.1b., are used to work 
this plough as it is a heavy plough. 

(2) Coimbatore plough {Madras). The dimen- 
sional diagram is given in Fig.. 2. The wedge and 
the body are made in one piece and the beam is 
fixed to the body very near the inner bend between 
the wedge and body. The wedge and the body are 
made of acacia and the beam from salwood. The 
beam is of rectangular cross-section 1-| in. X 3 
in. very near the body, and is of oval section for the 
remaining portion, the length being 11 ft. 7 in* 
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The body, at the place wliere the beam is fixed to 
it. is tra-peziiini in section G in. y; 4| in. x 3 in. 

\ 4 1 in. Tlie n’edge is pyra.inid of an isosceles 
triaaigulaa; section, having the sides and base at 
nui-xinunu section 5 in. and 6 in. respectively and 
the vertex facing downwards. The face angle of 
! the wedge is 12*4° and the angles which the wedge 
niaky with the body and beam are and 
40*96° respectively. The length of the wedge up to 
the body is 29 in. and up to its intersection with the 
beam 34 in. A handle is fixed to the beam at the 
back of the body. The length of share is 24 in. 
The weight of the plough is 37*4 lb., having the 
centre of gravity very near the inner bend. This 
])lough is used in light, heavy, black, red, garden 
and wet lands of Coimbatore and other neigh- 
bouring districts. The crops generaily grown are 
paddy, cotton, pulses and cereals. The ploughing 
is done when the soil is fit to a depth of 3 in. to 
4 in. It is used in both irrigated and rainfed tracts. 
The average monthly rainfall is as follows: 
January = 0*59 in., February = 0*32 in., March = 
0-48 in., April == 1*44 in., May = 2*36 in., June ~ 
1*46 in., July == 1*46 in., August = 1*13 in., Sep- 
tember =1*51 in., October = 6*41 in., November 
= 3*75 in., and December = 1*18 in. A pair of 
Kangayam bullocks of live weight 800-900 Ib. each 
is used for light soils and 1000 to 1200 lb. for heavy 
soils to work this plough. 

(3) Country plough, Dohad {Bombay). The 
dimensional diagram is given in Fig. 3. The body 
and the wedge are made in two pieces, and assem- 
bled together such that they appear to have been 
made in one piece. The beam is fixed to the body 
^ at a distance of 7 in. from the inner bend between 
body and wedge. The plough is made of sal wood. 
The beam is of rectangular cross-section 1 in. x 2 
in. and its length being 9 ft. 4 in. The body and 
the handle are made in one piece and the body at 
the place where the beam is fixed to it is of rectan-’ 
gular cross-section 4 in. X 3 in., and at the place 
where the wedge is fixed to it is of rectangular 
section 5 in, X 3 in. The wedge is very narrow 
having a cross-section of more than half an ellipse 
' cut by a line parallel to minor axis, the flat face fac- 
ing upwards. The face angle of the wedge is 8*2° 
and the angles which the wedge makes with the 
body and beam are 122° and 43° respectively. The 
length of the wedge up to the body is 18 in. and up 
to its intersection with the beam is 35 in. The 
length of share is 16 in. and protrudes 5 in. outside 
the wedge. The weight of the plough is 28*7 lb. 
This ploxigh is used in soils varying from light to 
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black of tlm eastpru |K‘j,rts of Piiiic!! malicJs. Tiio 
crops genemlly grown aro iiia-iz**. groundnut'^ 
paddy, wlieat. grmii : joiG ploiigiiing is flofjt* to n, 
depth of 4 in. to in. in <lrv tracts, ft i< used in 
both iiTigaicd and raiidVtl tnc-ts. 41 h* avoragv 
monthly rainfaJ] is as follows ; Jannarv O-Il 
in., February = OdG in.. .March - O-OH in., April 
= 0*04 in., May = 0*51 in., June 4*34 in., July 
= 8*87 in., August == 7*60 in., Heptember 5-58 
in., October i*H) in., November U-H? in,, and 
December ^ ih]l in. A pair of Malvi bullocks 
with a live weiglit of 7u0 lb. and with a heiglit of 
4 ft. is used to work this plough. 

(4) Country ploujjh. Barnda [BotHhuy.) Tho di- 
mensional diagram is given in Fig. i. The u^e<lg(' 

and body are made in two parts and assejiihled, I 

together as shown in the diagrjun. The beam is j 

fixed to the body leaving a <'lea,r;uiee of 7 in. from I 

the place where tite W(‘dge is fixed tt> the body. j 

The beam is of rectangnla.r (.'ross-.se(4ioii 2 in. 
ill., its length being 19 ft. 8 in. The body is a rec- ; 

tangular solid with cross-section. H in. / 5 in. and ; 

10 in. X 4 in. wlierc the beam and wedge are fixed 
to it respectively. The body and the handle are 
made in one piece. The wedge is approximately | 

a cone having 4 in. diameter at the maximum 
section, the angle of cone being 13*3 '. Tlie angles i 

which the wedge makes with the body and beam j 

are 140° and 37*6° respc'ctively. The length of i 

the wedge up to the body is 23 in. and up to j 

its intersection with the beam is 36 in. Tlte leiigth j 

of the share is 6 in. The wcught of the ploiigli is j 

50*7 lb. This plough is used in light alluvial soils i 

(known as Gorat) of Baroda and surrounding places. 

The crops generally grown are bajam, Ivdru (Elm- I 

sine coramna), hmvta and toljacco. The ploughing I 

is done usually to a depth of 5 to 6 in. wJien the j 

moisture content of the soil variesMrom 15 to 30 j 

per cent. It is used mainly in rainfed areas and j 

the average monthly rainfall is as ibllows : Ja- I 

nuary = 0*40 in., February =0*0{) in.. March — | 

0*00 in., April = 0*00 in., May = 0*00 in,. June ™ 

4*69 in., July = 14*45 in., August ^ 3*65 in., Sc^p- 
ternber = 10*00 in., October ===1-06 in., Novetnlxw 
= 0*00 in., and December ^ 0*00 in. A pair of 
bullocks with 54 in. height behind lunnp, and girtli 
of 75 in. having a length of 61 in. from slioulder j 

to pill bone, and a live weight varying between ^ 

800 to 1200 lb. each is used to work this plough. ; 

(5) Country f lough, Indore (Central India). : 

The dimensional diagram is given in Fig. 5. The I 

wedge and tlie body ar(^ made in two pieces and 
assembled together with a fine joint so that tlnyv 
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appear to liaTe been- made iii one piece. The 
beam is fixed to the body at a distance of in. 
from the inner bend between the wedge and body 
aiid is of rectangiilar cross section 1|- in. X 3 
iin, its length being 1(V ft. 4 in. The body is a 
rectangular solid with cross-sections 4 in. X 3 in. 
and 5 in. X 2 in. at tlie places where the beam and 
wedge are fixed to it respectively. The body and 
liandle are made in one piece. The wedge is similar 
to that of Dohad, with flat firce facing npw’ards 
as shown in Fig. 5. The length of the wedge up to 
the body is 20 in. and up to its intersection with 
the beam is 30 in. The face angle of the wedge 
is 10®, and the angles which the w^edge makes with 
the body and beam are 133® and 42*5® respectively. 
The length of the share is 6 in. The plough isuiiade 
of salwood and its weight is 56*9 lb. This plough 
is used in medium black to heavy black clay soils 
of Malwa plateau. The crops generally grown are 
jotvar, cotton, wheat, gram, linseed, peas, etc. 
Ploughing is done occasionally as annual ploughing 
is not practised except for special crops such as 
sugarcane, etc. When ploughing is done, it is 
usually done after rains and to a depth of 6 in. to 
6 in. This plough, though mainly used in rainfed 
tracts, is used in irrigated tracts as well. The 
average monthly rainfall is as follows: January 
= 0-28 in., February == 0-18 in., March = 0*06 
in., April = 0-14 in., May = 0*58 in., June = 6*70 
in., July = 9*87 in., August = 8*01 in., September 
=6*53 in., October = 1*15 in., November == 
0*41 in., and December = 0*21 in. A pair of Malvi 
bullocks with an average length of 5 ft. 2 in., 
height 4 ft. 10 in. and live weight of about 1,224 
lb. each is used to work this plough. 

(6) Saricar plough ^ Sind (Eggpticm type). The 
dimensional diagram is given in Fig. 6. This model 
is completely different from the other Indian 
ploughs and is known as Egyptian type. This was 
designed hj Henderson. There is no body and the 
wedge serves both purposes. The beam and the 
wedge are fixed together by means of a bolt rod 
at a distance of 16 in. from the pointed edge of the 
wedge and another bolt at the other end of wedge. 
This method of tightening enables us to alter the 
angle between the beam and wedge whenever 
required. The beam is of rectangular cross-section 
2 in. X 3 in., its length being 9 ft. The cross- 
section of the wedge perpendicular to its length is 
four sided, one of the sides being an arc of a circle 
and facing downwards. The cross-section of the 
wedge along its length is a triangle up to 16 in. 
from the pointed end and a rectangle for the re- 
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maining portion. The total length of the wedge 
is 30 in. The angle which the wedge face 
makes with the beam is 40*96®, A flat iron plate 
is used as share to protect the wedge. A sepe.,ra,te 
handle is fixed to the beam at a distance 8 in. from 
the bolt rod. The weight of the plough is 33*3 lb. 
This plough is used in soils varying from sandy 
loam to clay loam of Hyderabad, Tliarparkar and 
Nawab Shah, districts of lower Sind. The crops 
generally grown are cotton, wheat and oilseeds 
and ploughing is done to a depth of 3 to 3J- in. 
after irrigation. The plough is used in irrigated 
tract only. The aveivage nionthly rainfall is as 
follows : Jaiiuaiy = 0*20 in., Februar}^ (c27 
in., March = 0*24 in., April == 0*05 in.. May = 0*20 ' 
ill., June = 0*45 in. July = 2*85 in., August = 2*12 

im, September = 0*60 in., October = 0-02 in., 
November = 0*06 in., and December = 0*06 in. A 
pair of Karachi bullocks with a live weight of 800 
to 900 lb. and height of 4 ft. 5 in. each or a pair of 
Tliarparkar bullocks with a live weight 900 to 1000 
lb. and height 4 ft. 8 in. each is used to work this 
plough. 

(7) Eannar jjlough {Sind). The dimensional 
diagram is given in Fig. 7. This is an iron plough 
with a modified mould board and a’wooden beam. 
The share and mould board are attached tightly to 
the body with the help of bolts and nuts. A 
wooden beam of rectangular cross-section 2 in. X 3 

in. is fixed to the body by means of bolt and nuts 
and its length is 9 ft. 5 in. The furrows opened by 
this plough are not triangular in cross-section, as is 
the case with the other Indian ploughs. The sliaro 
of this plougli opens furrows 4 in. to 6 in. wide at 
the bottom. Other particiilars can be seen from 
the diagram. The weight of the plough is 37*9 lb. 
This plough is used in rainfed areas and also in 
the same tracts as the Sarkar plougji, Vv i th. tlie 
same animals. Tiie p.Ioug'liina' is done to a depth 
of 3| in. to 4 in. 

(S) Native, ‘plough {Srevi). The diinensional dia- 
gram is given in Fig. 8. The e/edge, body and the 
handle are made in one piecie Ail the three f.orm 
an arc when viewed from the side of the plough. 
The beam is fixed to the body by means of cotters 
and the cross-section of the body wliore the beam 
is fixed to it is 4 in. X 4 in. T,]ie beam is of rectan- 
gular cross-section 1 1- in. X 24 in. and its length 
is 9 ft. 9 in. Tlie vredge is a pyramid of a 
pentagonal cross-section with four equal sides. 
The equal sides at the raaximanr section are 3 in. 
each, the fifth side wliich faces upwards measures 
6 in. The length of the wedge up to the body is 
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20 ill. and up to its intersection witli the beam is 
23 in. The angle which the wedge makes with 
tlie body and beam are MG'" and 46-8° respective- 
ly. The face angle of the wedge is 20"^. The 
length of the share is 24 in. and the weight of the 
plough is 35*4 Ib. This plough is used throughout 
Sind province in dry and wet tracts. Other condi- 
tions are similar to that of Sarkar and Kannar 
ploughs. 

(9) Country ‘plough {N.-W, F, P.). The dimen- 
sional diagram is given in Fig. 9. The w^'edge and 
body are made in one piece. The whole piece is a 
crude irregularly bent wood with irregular shape, 
one end of which is used as body and the other end 
is chipped to form the wedge. The beam is made 
from three curved pieces and the total length of the 
beam is* 11 ft. 7 in. The length of wedge up to 
the beam is 11 in. An iron rectangular plate with 


a conical pointer is used as a coulter. The lengtli 
of the share is 12 in. and projects 5 in. beyond tin) 
wedge. The weight of the plough is 47*8 lb. This 
plough is used all over N,-W. P, Froviace and is 
worked by camels. This plough is similar to Sarkar 
Sind excepting the beam and. share. The share is 
very pointed and the beam is curved in th is 
case, 

(10) Country plough, Karnal {Punjab). The 
dimensional diagram is given in Fig. 10. The 
wedge and body are made in two pieces and 
assembled together in such a way that they appear 
to have been made in one piece. The beam is 
fixed to the body at a distance of in. from the 
inner bend between body and wedge. The beam, 
is of rectangular cross-section 3 in. X 4 in. and its 
length is 10 ft. 10 in. The body and the handle 
are made in one piece and the width and the 
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Fig. 9. Coimtryplo\igh/N.-W.F.P. 
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thickness of the body afc the place wliere tKe beam crops generally grown are wheat, grain, barley, 

is fixed to it are 6 in. and 3 in. respectiyety. The tof ia, mrson, sugarcane, cotton, rice, maize, ^oioar 
wedge has two shapes. Up to 14 in. from the and chillies. The plotighing is done after irriga- 
pointed end it is a solid with a thin segmental tion if there is no rain, the averagewlepth of plough- 
cross-section. The flat face is protected by an ing is 3 in. to 4 in. at first ploughing. It is used in 
iron frame and faces upwards. The remaining both rainfed and irrigated areas. The average 
length of the wedge is a solid with a slight sectral monthly rainfall is as follows : January = 0-59 
Gross-section, the . curved surface facing down- : in., February = 0*45 in., March = 0-52 in., 
■wards. The length of the wedge up to the body is April = 0*33 in., May == 0-63 in., June = l-2'7 in., 
22 in. and- up to its intersection with the beam is 28 July = 4*24 in., August = 5*43 in., September 
in. The length of the share is 28 in. The — 4*78 in., October = 0*84 in., November =0*11 
face, angle, of the , wedge is 31*7'^ and the angles in., and December — .0*43 in. ' A pair of Hariana 
which the wnwlge ma.kes' with the bocly ancl beam or Hissar bullocks with a live weight between 
are 145^ and 44*5*' respectively. The weight of 950 to 1148 lb., height of 4 it. 11|' in. and with 
the plough is 51*6 lb. This piough is used in soils an average length 4 ft. 5 in. each is used to work 
varying from loam to clay in Karnal district. The this plough. 
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(11) Local plough, Delhi, The dimensional dia- 
gram is given in Fig. 1 1 . The wedge and body are 
made in two parts with different materials. The 
beam is fixed to the body at a distance of 11 in. 
from the place where the wedge is fixed to the body. 
It is of rectangular cross-section 2 in. X. 4 in. and 
its lengdli is 9 ft, 11 in. The body and handle are 
made in one piece and form a conical solid with 
irregular cross-sections a.t different places. The 
niaxiniiim thickness of the body just below the 
place where the beam is fixed to it is 5 in. The 
wedge is a triangular iron plate of about | in, 
thickness wfith sides 7 in., 7 in. and 6 in. It is 
fixed to the body with the help of cotters. Its 
length up to its intersection with the beam is 25 in. 
The face angle of the wedge is 40° and the angles 
which the wedge makes with the body and beam 
are 150° and 41*3° respectively. The length of the 
share is 25 in. The weight of the plough is 59*7 


lb. ■ ■ This plough is used in soils varying from sandy 
to clay loam and sometimes in shallow rocky soils 
of Delhi province. The crops generall}^ grown are, 
wheat, gram, barley, yotra-r, sugarcaiie, cotton, pul- 
ses and vegetables. Ploughing is usually doiie to a 
depth of 2|- in. to 6 in. iinnied.iately after the 
first monsoon shower for Miarif and immediately 
after Mari/ harvest for rahi season. It is used in 
both rainfed and irrigated tracts. The average 
monthly rainfall is as follows : January = 1*04 
in., February = 0-76 in., March ■= 0*52: in., April = 
0^39 in., 'May =.0*58 in., June: ~-2*99 in., July == 
7*53 in., August = 7*42 in., , September = 4-78 in., 
October =: 0'32 ,in., November = 0*11 in., and 
December = 0*40 in. A pair of Ilariana bullocks 
with a live weight of about 800 to 900 lb. each is 
used to work this plough. 

(12) Coiintry^ plough, Aligarh (U. P.) The 
dimensional diagram is given in Fig. 12. The 





Fig. 1 1 . Local plo ugh, Delhi 
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wedge and IkkIy ai'e Blade in two parts. The beam 
is fixed to the body at a distance of 5 in, from the 
inner l)end between wedge and body. It is of 
3‘eetangular (a:(>ss-seedion 2 in. X 3 in. very near 
the body and tapers with a gradually decreasing 
section, its length being 9 ft. 5 in. The body and 
handle are made in one piece. The thieJmess and 
the width of the body at the place where the beam 
is fixed to it are 5 in. and 3| in. respectively. 
The wedge is a pyramid of triangular cross-section 
having the sides at maximum section, 5 in., 5 in. 
and 6 in. ; and the vertex facing downAvards. The 
length of the Avedge up to the body is 18 in. and 
up to the intersection with the beam is 29 in. The 
face angle of the wedge is 16-8*^ and the angles 
which the wedge makes with body and beam are 
MG'" and 444° respectively. The length of share 
is 10 in. The weight of the plough is 29*2 lb. 
This plough is used in soils varying from light to 
heavy loam of Aligarh and Bulandshahr districts. 
The crops generally groAAui are wheat, cotton, 
sugarcane, jowar, pulses, gram and oilseeds. 
Generally at the time of ploughing the soil does not 
contain much moisture and at times it is dry even. 
The depth of ploughing is usually 3 in. to 4 in. and 
the plough is used in both rainfed and irrigated 
tracts. The aAmrage monthly rainfall is as fol- 
lows : January = 1*11 in., February == 048 in., 
March = 0-58 in., April == 1*14 in., May = 0-00 
in., June ~ 1*04 in., July = 9*58 in., August = 
4*06 in., September = 10*97 in., October = 0*00 
#in., November == 0*00 in., and December = 2*00 in. 
A pair of Hariana or Hissar or local bnllocks Avith 
live AA^eight 800 to 900 lb. and Avith a height 3 ft. 

8 in. each is used to work this plough. 

(1$) Country plough, Jhemsi (U. P.). The 
dimensional diagram is given in Fig 13. The AA’-edge 
and body are made in one piece. The beam is 
fixed to the body at a distance of 2 in. from, the 
inner bend. The beam is of rectangular cross- 
section 2 in. X 4 in. and is straight to a length of 2 ft. 
from the body, the remaining length being slight- 
ly curved as shoAvn in the Fig. The total length of 
the beam is 7 ft. 10 in. The body is of rectangular 
section 4 in. X 5 in. A separate handle is fixed to 
the beam at the back of body. The wedge is a 
solid haying a segmental cross-section AAuth the 
curAmd face facing doAV'iiAvards. Its length up to 
tile body is 20 in. and up to its intersection with 
the beam is 30 in.. The face angle of the wedge is 
20° and. the angle Avhich the wedge makes with 
the body is 145°. The length of the share is 14 in. 
and th.e Aceight of the plough is 44*1 IK 
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(14:) CouMryphu^^^^ (f/.P.) The 
dimensional diagram is given in Fig. 14. This 
model is quite different from all the others. . The 
wedge and body are made in two parts. The 
beam is fixed to the body at a distance of 6 in. from 
the inner bend, and is of rectangular cross-section 
1-|- in. X 3 in., its length being 8 ft. 9 in. The 
body and handle are made in one piece and the 
body is a trapezoidal solid. The wedge is made of 
a very small piece of Acood , and the sliare AAdiich is 
comparatively thicker and longer acts as a wedge. 
The length of Acedge is very small and the angles 
which it makes with the body and beam are 1 35° 
and 33*05° respectively. The length of the share 
is 18 in., and the Aveight of the plough is 24*2 lb. 
This plough is used in soils AUirying from sandy to 
loam of Bareilly district. The crops generally 
grown are sugarcane, paddy, maize, jowar, raJm/r, 
wheat, barley, grain, and pulses. The ploughing is 
done both in dry and moist conditions and to a 
depth of 3 in. at the first ploughing . It is used in 
both irrigated and rainfed tracts. The average 
monthly rainfall is as folloAA^s : January == 1*01 in., 
February ~ 0*92 in., March = 0*68 in., Aprils 
0*31 in., May = 0*33 in., June = 5*14 in., July = 
10*97 in., August = 12*27 in., September =-• 7*47 
in., October = 1*19 in., November =0*23 in., and 
December =0*33 in. A pair of Ponwar bullocks 
with a live Aveight 740 to 850 lb. each is used to 
work this plough. 

(15) plough, Bareilly No, 2 .{U. P.). 

The dimensional diagram is given in Fig. 15. The 
wedge and the body are made in two pieces and the 
construction of this plough is similar to tliat of 
Dohad and Indore except in angles and dinien- 
sions of the parts. The beam is fixed to the l>ody 
at a distance of 3 in. from the inner liend. ft is of 
rectangular cross-section 2 in. x 2|' in., its 
length lieing 9 ft. 1 in. The body and liandle art^ 
made in one piece. The wedge is A^ery narrow ami. 
similar to that of Dohad. The length of tlu^ Avedge 
up to the body is 22 - 2 - in. and up to its inter- 
section Avith the beam is 32 in. The fa(*{‘ angh^ uf 
the wedge is ()*8° and the angles wfiich the Wislgc 
makes with the body and beam ao‘ ilO’’ and 40'' 
respectively. The Avtnglit of the plough is 25*1 1!>. 
Other conditions aiul jiaadic* ala rs art^ simile, r to tha-t 
of No. 14. 

{]()) Couuiry pbuujlu Kitkori {l\ P.). Tin* 
dimensional diagram is giA'en in Fig. l(h This 
model is very similar to that of Ikmnlly No. 1. 
Other particulars and conditions under whicli it is 
used are similar to that of Bareillv No. L 
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{\1) Wo()dem> plougli, (hmkhpur No. 1 (V. P.) 
dimensional diagram is given in Fig. 17. The 
v^cxige and body are made in two pieces. The 
beam is fixed to the body at a distance 8|- in. 
from inner bend. It is of rectangular cross-section 
II in. X 2 in.; its length being 9 ft. 4|- in. The body 
and handle are made in one piece and the thick 
ness and width of the body at the place where the 
beam is fixed to it are 4 in. and 3 in. respectively. 
The wedge is a pyramid of triangular cross-section 
with the sides at maximum section 3 in., 3 in, and 
5*1 in., the vertex facing downwards and 5|- in. 
side facing upwards. The length of the wedge up to 
the body is 16 in. and up to its intersection with the 
beam is 28 in. The face angle of the wedge is 
21*2‘^ and the angles which it makes wdth the body 
and beam are 131"’ and 45"" respectively. The 
length of' the share is 24 in. The weight of the 
plough is 22*6 lb., and this plough is well known 
locally by the name Khopidar. This plough is 
used in soils varying from light sandy to heavy 
clay of Gorakhpur and Bahraich districts. The 
crops generally growm are sugarcane, paddy, wheat, 
pulses, maize and oilseeds. This plough is usually 
used for second ploughing in heavy soils and used 
for all ploughings in the light soils to a depth of 
6 in. to 7 in. This plough is used in both rainfed 
and irrigated tracts. The average monthly rain- 
fall is as follows : January == 0*67 in., February 
= 0-60 in., March = 0x39 in., April == 0*40 in., 
May = 1-47 in., June == 7*41 in., July = 13*43 in., 
August = 13-99 in., September = 8*07 in., Octo- 
ber = 3*45 in., November = 0*17 in., and Decem- 
ber = 0*14 in. A pair of local bullocks with a live 
weight of 500 lb. and 3 ft. 6 in. height each is 
used to work this plough. 

(18) Dqsi plough, GoraWipur No. 2 {IJ. P.). The 
dimensional diagram is given in Fig. 18. This 
design is similar to that of wooden plough Gorakh- 
pur No. 1 except in the cross-section of wedge and 
dimensions of some pa,rts. The wedge is a pyramid 
of pentagonal cross-section with sides 6|- in., 

1 in., 3 in., 3 in. and | in. at maximum section, 
one vertex faces downwards. The length of the 
sliare is 24 in. and other po..rticulars and conditions 
are similar to that of Wooden Plough No. 1. 

(19) Desi plough, Gorakhpur No. 3 (iL P.). The 
dimensional dicigram is given in Fig. 19. The 
wcxlge and body are made in one piece. Tlie beam 
is fixed to the body at a distamx^ of 1 in. from the 
inner bend. It is of a re(*t/a,agular cross-section 

2 in. X 3 in,, its length Ixuiig 9 ft. The 
wedge is a pyramid of triangular cross-section 
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having the sides 8 in,, 4|- in. and 4|- in. at 
maximum section, wdth the vertex facing upwards. 
The length of the wedge up to the body is 21 in. 
and up to its intersection ^is 27 in. The face 
angle of the wedge is 23-2'"’ and the angle which the. 
wedge makes with the body and beam are MS"* and 
49*1° respectively. The length of the share is (> 
in. and a separate handle is fixed to the beam 
at the back of the body. The weight of the plough 
is 23-6 lb. This plough is known locally by the 
name Khutshra (i.e. lighter) and is made of 
babul wood. It is used in clay soils of Balia and 
Azanigarh districts for first ploughing to a depth 
of 2 in. to 3 in. In other respects and conditions 
it is similar to No. 17. 

(20) Desi plough, Gorakhpur (U.P.). This design 
is similar to that of No. 3, except in the length of 
the wedge and of weight. This ploiigli is known 
locally by the name Nauhara and is used in 
Balia and Azanigarh districts. 

(21) Local plough. Cliotanagpar (Bihar). Tlie 
dimensional diagram is ghxm in Fig. 20. The body 
and tlie wedge are made in a single piece. There 
is no bend between body and wedge. The beam 
is fixed to the wedge and tb e body is of rectangular 
cross-section 2 in. X 3 in., its length being 9 ft, 
2 in. The body is a rectangular solid with a cross- 
section 8 in. X 5|- in, A separate handle is 
fixed to it. The wedge is a frustrum of four sides 
with cross-section 8 in. X 5 in. X 1 in. X 5 in. at 
maximum section and 5| in. X 4 in. X 1 in. X 
4 in. at the penetrating end, the 1 in. side faces up- 
wards. The wedge is chipped to form a slope at 
the penetrating edge. The length of the wedge is 
21 in. ■ The length, of the share -is 12 in. and 
protrudes 6 in. from the wedge. The angle 
which the wedge makes witli the beam is 46*2°. 
The weight of the plough is 34*3 lb. This plough 
is used in soils varying from rocky to g<.)(>d soils of 
Chotanagpiir. The crops generally grown arc 
paddy, maize, rahar, gram, goudli. marua and 
cotton. The ploughing is done to a dc^itli I in, 
to 4 in. when tliere is sufficient moisture which 
makes the soil suitable for ploughing. It is used 
only in rainfed areas. The a\'erage monthly rain- 
fall is as follows : January ~ 0*35 in., February 
== 0*68 in., Mar{‘h 0*41 in., April 0*58 in.. 
May — 1*47 in,. Jum^ 7*66 in., July 11*48 
in., August ~ 13*70 in,. Heptemlior 8*39 in.. 
October r-l-HO in.. Novenfber 0-11 in., and 
December i)*2i in. A ]>air of bulhjcks with a 
live weight 650 1I>., lieight 3 ft. 9 in. and girtls 2 ft. 
10 in. eat‘h or a pair of buffaloes with a. live weight 
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Fio. 20. Local plough, Chotanagpur (Bihar) 
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Fig. 21. Local plough, Chotanagpur, Netarhat (Bihar) 
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800 Ib., height 4 ft. 4 in. and girth 3 ft. 9 in. each is 
used to work this plough. 

(22) Local plough, Chotamgpur, Netarhat 
(Bihar). The diinensipiial dia is given in 
Fig. 21. This design is similar to that of L. P. 
Chotanagpur (21), except that there is a slight bend 
between the bodv and the wedge. The w^edge and 
body are made in one piece and the beam is fixed 
to the wedge very near the bend. The beam is of 
rectangular cross-section 2 in. X 3 in. and its length 
is 9 ft. 8 in. The wedge is a solid of trapezoidal 
cross-section having the sides of sections 11 in., 
6 in., 3J 6 in. and 7 in., 4 in., 3 in., 4 in., at 
maximum and minimum sections respectively. 
The small side faces upwards. The length of the 
wedge up to the * body is 26| in. The angle 
which the wedge makes with the beam is 48-35'^. 
A separate handle is fixed to the body. The length 
of the share is 12 in. and protrudes 5 in. out of the 
w^edge. The weight of the plough is 41*8 lb. and 
is used in soils varying from rocky to good soils 
of Bishnupur and Mohwadar Thanas in Netarhat 
plateau. Other conditions and particulars are 
similar to No. 21. 

(23) . Country plotigh, Patna (Bihar). The dimen- 
sional diagram is given in Fig. 22. The wedge and 
body are made in one piece. The beam is fixed to 
the body at a distance of 1 in. near the bend. It 
is of rectangular cross-section 1^ in. X 2| in. 
and its length is 9 ft. The body is a solid 
of a trapezoidal crossrsection and a separate handle 
is fixed to the beam at the back of the body. The • 
w’-edge is a pyramid of triangular cross-section 
having the sides 6 in. x 4 in. X 4 in. at maximum 
section. The vertex of the section is slightly 
flattened and faces upwards. The length of the 
wedge up to the body is 22|- in. and up to its 
intersection with the beam is 28 in. The face 
angle of the wedge is 20"^ and the angles which the 
wedge makes with the body and beam are 150^ and 
39*5^^ respectively. The length of the share is 14 
in. and the weight of the plough is 24*8 lb. 
This plofigh is used in all kinds of soils in Patiia^ 
district. The crops generally grown are paddy, 
raJiar, sugarcane, wheat, gram, etc. The plough- 
ing is done to a depth of 3 in. when the moisture 
is about 15 per cent. It is used in both rainfed 
and irrigated tracts and the average monthly 
rainfall is as follows : January = 0*53 in. * Feb- 
ruary = 0-71 in., j\Iarch = 0*47 in., April = 0*30 
in., May = 1*67 in., June = 8-12 in., July = 11*94 
in., August = 13*55 in., September = 8*33 
in., October ==:, 2*54 in., November == 0*28 in., and 
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December = 0*09 in. A pair of country bullocks 
with , a live wuight 500 lb. each is used to wmrk 
this plough. 

(24) Country plough, Pusa (Bihar). The dimen- 
sional diagram of this plough is given in Fig. 23.. 
The wedge and body are made in one piece and the 
beam is fixed to the body at a distance of 2 in. from 
the inner bend. The beam is of a rectangular- 
cross-section 2 in. X 3 in. and its I^gth is 8 ft. 

2 in. The thickness and the width of the body at 
the place W'here the beam is fixed to it are 
5 in. and 4 in. respectively. A separate handle 
is fixed to the beam at the back of the body. The 
w'edge is a pyramid of triangular cross-section 
with the vertex slightly flattened and facing up- 
w^ards. The sides of cross-section at maximum sec- 
tion are 8| in., 5 in. and 5 in. The length of the 
w^edge up to the body is 16 in, and up to its in- 
tersection witli the beam is 22 in. The face angle 
of the wedge is 35° and the angles w^hich the wedge 
makes with the body and the beam are 150° and 
44*9° respectively. The length of share is 12 iii. 
and protrudes 2 in. outside the .w’^edge. The 
w^eight of the plough is 34-3 lb. This plough is 
used in soils varying from sandy to heavy loams 
of Muzaffarpur, Darbhanga, Satan and Soutli 
Champaran districts. The crops generally grown 
are sugarcane, wdieat, barley, maize, rahar, pulses 
and paddy. The ploughing is done to a depth of 

3 in. when the moisture is about 20 per cent and 
the plough is used for puddling paddy fields. It 
is used mostly in rainfed areas and the average 
monthly rainfall is as follows : January = 0-35 
in., February = 0*68 in., March =0-41 in., April 
= 0-58 in., May == 1-47 in., June =7-66 in., July, 
= 11*48 in., August = 13*70 in., September =: 
8*39 in., October = 1*80 in., November = f)-41 
in., and December == 0*21 in. A pair of local 
bullocks with live w^eight 600 to 800 lb. each is 
used to work this plough. 

(25) Local plough. Chotanagpur. Ranchi (Bihar). 
The dimensional diagram is given in Fig. 24. The 
w^edge, the body and the handle are made in one 
piece. The beam is fixed to the body at a distance 
of 3 in. from Ui^iimev bend and is of rectangular 
section 2 in. X 3 in., its length being B ft. 7 in. 
The body is a solid trapezium in cross-section. 
The wedge is a pyramid of triangular cross-section 
having the sides 5| in., 3 in. and 3 in. at maxi- 
mum section with its vertex slightly flattened and 
facing upwards. The face angle of the wedge is 
28° and the angles which the wedge makes wdtli the 
body and beam are 150° and. 39*05" respectively. 
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The length of the wedge up to the body is 22| in. 
ajid up to the beam is 28 in. The length of the 
sJiare is 16 in. and projects 3 in. outside the wedge ; 
and the weight of the plough is 16*4: lb. This 
plough is used in the soils varying from sandy loam 
with grit in the uplands to heavy clay in the valley 
or dune of Ranchi district. The crops grown gen- 
erally are paddy, mAar, maize, pulses, barley and 
" wli eat . Piou ghing is usu ally done after rains when 
the moisture ivS between 25 per cent to 30 per cent. 
In tlie first instance the depth of the ploughing is 
between 11 in. to 3 in. and the second ploughing 
it is 21- in. to 3 in. It is used in rainfed areas 
and the average monthly rainfall is as follows : 
January — 0*79 in., February === 1*60 in., March 
= 1*30 in., April = 0*95 in., May == 2*41 in., 
June = 9*68 in., July = 14*77 in., August = 13*17 
in., September ~ 9*14 in., October — 2*84 in., 
November = 0*38 in., and December 0*18 in. 
A pair of bullocks with live weight 330 to 410 lb. 
each or bufEaloes with live weight 650 to 900 lb, 
each is used to work this plough. 

(26) Native plough, Sabour (Bihar). The di- 
mensional diagram is given in Fig. 25. The wed^^ 
and body are made in one piece. The beam is 
fixed to the body at a distance of 2 in. from the 
inner bend and is of rectangular section 1|- in. X 
3 in., its length being 9 ft. 3 in. A separate 
handle is fixed to the beam at the back of the body. 
The wedge is a triangular pyraniid having the sides 
of cross-section at its maximum 10-|- in., 61 in. 
and 6:| in. with the vertex facing upwards. The 
length of the wedge up to the body is 28 in. and up 
to its intersection with the beam 37 in. The face 
angle of the wedge is 30° and the angles which the 
V'cdge makes with bod.)' and beam are 155° and 
45*5° respectively. The length of the share is 17 
in. and it is thick and broad. The weight is 44*1 
lb. and the plough, is used in soils varying from 
light to lieavy of Rliagalpur district and plough iii.g 
is done when the moisture percentage is ver\' Idgli, 
For puddling purpose the wedge will be macie a bit 
narrow. In Santlial Parganas the same plough, 
with narrow wedge is used as tlie aniimds are com- 
paratively weak and small. The crops generally 
grown are paddy, ‘maize and pulses. Ploughing is 
done usually to a depth of 3 in. to 4 in. It is used 
in rainfed areas and tlic average monthly rainfall 
is as follows: January = 0*41 in., February 
0*72 in., March — 0*37 in., April = 0*67 in., May 
== 3*51 in., June == 7*90 in., July =r 1M5 iu.^ . 
August ™ 11*54 in., September = 8*83 in., Octo- 
ber = 2*45 in , November == 0*33 iii., and Dccem- 


[ XIV 

ber =' 0*08 in. A pair of local bullocks or buf- 
faloes is used to work this plough. 

(27) Wooden country plotigh, Bankura (Bengal), 
The dimensional diagram is given in Fig. 26. The 
body and wedge are made in one piece. The beam 
is fixed to the body at a distance of 3 in. from the 
inner bend between the body and wed ge . It is of 
rectangular section 2 in. X 4 in. up to 2 ft. from the 
body and oval in the remaining length and its 
length being 8 ft. 5 in. A separate handle is fixed to 
the body. The wedge is a pyramid of triangular 
cross-section with sides 9|- in., 4 in. and 4 in. and 
with its vertex facing; upwards. The length of 
the wedge up to the body is 20| in. and up to 
its intersection with the beamis 28 in. The face 
angle of the wedge is 39° and the angles which the 
wedge makes with tlie body and beam arc 135° and 
41*9° respectively. A flat share is used to protect 
the penetrating edge. The weight of tlie plough is 
31 lb. Tliis plough is used in serhilary iaterite 
soils, with full gravels of various sizes of Bankura 
district. Paddy is the only crop grown in this 
district. Ploughing is nisully done to a. depth' 
from 3 in. to' 4 in. It is used incwaterlogged condi- 
tion or when the mo;istiire' percentage" is high. It 
is used in both rainfed and irrigated areas. The 
average rainfall is as follows: January = 0*19 

ill., February ==■ 1*66 in., March = 0*76 in., April 
== 0*97 in., May = 2*77 in., June = 8*68 in., July 
= 11*62 in,, August = 11*52 in., September == 
7*01 in., October = 2*52 in., November = 039 in., , 
and December =--= 0*12 in. A pair of "bullocks with 
live weight of 470 'lb. each 'is used; to "work this 
plough. 

(28) Wooden plough, Tippem (Bengal). The 
dimensional diagram is given in Fig. 27. The body 
and the wedge are made in one piece. Tlie heum 
is fixed to the body very near tlie inner bend and is 
of rectangular ('ross-seetion ii in. x 2|- in. and 
its length being 7 ft. 3 in. A separate handle 
is fixed to the hoam in front of the body. The 
cross-section of the w'edge is sliown in the <Iiagrani, 
It will be seen tlnit the vertex faces upwards. 
The length of tiie wedge up io the iiodv is 23 in. 
and up to its intersi^ction with tlie beam is 25 in. 
The angles wdiicli the wedge makes wntli the body 
and the beam are 130' ami 4-0" respectively. The 
weight of the plough is 28 lb. This plougli is 

used in new alluvial soil of light texture ileghmi 

silt in Tippera distri<*t. The crops generally 
grown a, re paddy, jute and pulses. Idoughing is 
usually d<me to a- depth, of 3 in. to 4 in. when the 
moisture is aixmt 15 per cent to 25 per cent. It is 
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used in rainfed areas only and the average rainfall 
is as folio, vs : January = 0*29 hn, Febriiarv — 1-08 
in., March 2*96 April = 6*68 iu./ BIay = 
11*77, -•'.iiK, . June = 18*05 in., Jxily ■== ’ 16*05 in. 
August = i4*91: in . , September ‘ = 10*93 in., 
October = 6*52 in., November =1*03 in., and 
December = 0*23 in. A pair of local bullocks 
with a live weight 500 lb. each is used to work 
this plough. 

(29) Couniry plough, Rangpur (Bengal), The 
dimensional diagram is given in Fig. 28. The 
w^eclge, the body and the handle are made in one 
piece. The beam is fixed to the body very near 
the inner bend and is of rectangular oross-sectioii 
li in. X 3 in,, its length being 7 ft. 7 in. The 
body is a solid of triangular cross-section. The 
wedge ivS a pyramid of triangular cross-section with 
sides 7 in., 5 in., and 6 in. and with vertex facing 
upwards. The length of the w’edge up to the body 
is 21| in. and up to its intersection with the beam 
is 24 in. The face angle of the W’’edge is 19‘2® and 
the angles wdiich the wedge makes with the body 
and beam are IBS'" and 46*2° respectively. A 
small share is used in this plough. The weight of 
the plough is 20 ib. This plough is used in new 
alluvial soil 'with light texture of sandy Tista silt 
of Rangpur district. The crops generally gro’^ii 
are inovstly transplanted paddy and jute. Plough- 
ing is usually done to a deptli of 3 in. to 4 in . when 
the moisture is between 16 to 20 per cent. It is 
used mostly in rainfed areas and the average rain 
is as folIo^vs : January = 0*06 in., February = 
1*27 in., March = 0'4i..in., April = 1*92 in., May 
= 14*72 in., June = 14*69 in., July 19*35 in., 
August = 17*59 in., September = 11*20 in., 
Octoljer = 5'2S in., November = 0*11 in., and 
December = 0*23 in. A pair of local bullocks, 
wit]] a live weight 470 lb. each is used to work 
this plough. 

(30) Country plough, Dacca Farm (Bengal). The 
diniensional diagram is given in Fig. 29, The body 
wedge raid .handle are made in one piece. The 
beam is of rectangular cross section 2 in. x 3 in. 
and its length is 8 ft. 9 in. The. body is a solid of 
triangular cross-section and the design of the 
plough is similar to that of Rangpur. The wedge 
is a, pyramid of triangular cross-section, with its 
(‘dges slightly curved. The sides of cross-section at 
maximum section are 6 in., 4 in. and 4 in. and the 
vertex facing up\vards. Part of the vertex near 
the penetrating point is considerably flattened ta 
fix the share. The vertex facing up^vards is 
straight up to maximum section which is at ac di^t-- 


ance of' 20 in. from the penetrating points of the 
wedge and afterw-ards it is curved. Tlie length of 
the ’wedge up to the outer bend is 22 in. and up to 
its intersection with the beam is 24 in. The face 
angle of the w-edge is 14^^ and the angles which the 
"ivedge makes with the body and beam are and 
45*6® respective^. The length of the share is 12 
in. and the weight of the plough is 23*9 lb. This 
plough is used in red soils of heavy texture, old and 
new alluvial soils wdtli light texture of Dacca 
district. The crops generally grown are paddy 
(transplanted and broadcast too), jute, pulses, 
wdieat and barley. Ploughing is done -to a depth of 
3 in. t'o 4 iiU: when the moisture is about .15 to 20 
per cent and the plough is used under w*aterlogged 
condition. The ploiigh is used mostly in rainfed 
areas and the average rainfall is as foliows : Janu- 
ary = , 0*17^vin., February = 1*89 in., March = 
0*97 in., April = *3*09 in., May = 12*97 in., June 
= 15*17 in., July = 10*26 in., August =15*47 in., 
September = 7*59 in., October = 3*16 in., Novem- 
ber = 0*46 in., and December = 0*34 in. A pair 
of local bullocks with a live weight of 500 lb. each 
is used 4o work this plough. 

(31) Orissa plough, Potangi (Onssa), The di- 
mensional diagram is given in Fig. 30. This 
design is absolutely different from the others; 
There is' no bend between body ond w*edge and 
hence we can sa,y that the w edge itself acts as body 
also. The beam is directly fixed to the wedge at a 
distance of 18 in , from the pointed end. The beam 
is of circular cross-section and is bent at the end 
wdiere it is fixed to the wedge, and is straight for 
the remaining length. Tlie total length of the 
beam is 8 ft. A separate curved w^ood piece 
is used as handle and is fixed- to the wedge at the 
back of the beam. The wedge is a solid cone and 
its solid angle is 5°. 'THo length of the w.edge is 
30 in. and maximum diameter of the cone; is 2.1- 
in. The wedge is. slightly chipped at the ‘pointed 
end and a sliare of 6 in: length used. Tfui'weiglit 
of the plough is 19*2 lb. Angle between the wedge 
and the beam is 40°. 

(32) Orissa plough, Vdayagiri (Orissa), The 
dimensional diagram is given in’ Fig. 31, The 
wedge,, body and handle are made, in one piece. 
The beam is -fixed to the body ah a distance of 2 
in., from the inner bend and is/circular in cross 
section with 3 in. diameter. Its length is 7 ft.. 
6 in. The wedge is a pyramid wfith pentagonal 
cross-section .with sides 6f in,, 1|- in., 3| in., 3| in 
and 1| in. at maximum section and the vertex 
facing i pwards. The face angle of tlic w'edge is 
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Fig. 30. Orissa plough, Potangi (Orissa) 
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Pig, 32. Country plough, Sambalptuf (Orissa) 
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Pig, 33. Wooden plough, Berhampore (Orissa) 
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38-6° and tlie angles which the wedge makes mth 
the body and beam are 120° and 49*9° respectively. 
The length o£ the 'weclge up to body is 17 in. and 
up to its intetsecdion with the beam is 22 in. The 
length of the share is 9 in’ and the weight of the 
plough is 17*2 lb. - ? 

(33) Courdry plough, Sambalptvr (Orissa). The 
dimensional diagram is given in Fig. 32. The 
body and wedge are in one piece. The beam is 
fixed to the body at a distance of 8 in. from the 
iimer bend and is of rectangular cross-section 
2 in. X 2| in., its length being 7 ft. 5 in. A 
separate handle is fixed to the body. The wedge 
is a pyramid of triangular cross-section with sides 
13 in., in. and 6| in. at maximum sections. 
The two edges are curved slightly. The length of 
the wedge up to the body is 20 in. and up to its, 
intersection with the beam is 32 in. The, face 
angle of the wedge is 40° and the angles which the 
wedge makes with the body and the beam are 140° 
and 30° respectively. The length of the share is 
11 in. and the weightrof the plough is 19*2 lb. The 
plough is us^d. for piuldlmg paddy fields. « The 
average rainfali is., as follows : January = 0*4-1 in.,. 
February = 0*79 in., March 0*94 in., April 
0*65 in., May = 1*26 in., June =10*92 in., July 
= 20*02 in., August = 19*19 in., September = 
8*51 in., October = 2*00 in., November = 0*83 in., 
and Decenxber = 0*22 in. 

(34) Woo^^^' plough, Berhampore (Orissa). The 
dimensional diagram Js given in Fig. 33. The body 
and wedge are-^made iipone piece. The beam is 
fixed to tlie-.body at a distance of 1 in. from the 
inner bend and is of JcctangularNcross-section 2 
in, X 3 in., its length being 7 ft. 10 in. A separate 
piece of wood is fixed to the body to serve as handle. 
The wedge is a solid of pentagonal cross-section 
with sides 5 in., 2 in., 4 in., 2 in. and 5 in. at maxi- 
mum section and with the 4 in. side iacing up4 
wards. The length of the wedge up to body is 
26| in. and up to its intersection is 31 in. The 
face angle of the wedge is 17° and the angles which 
the wedge makes with the body and beam are 135° 
and 41*3° respectively. The length of the share 
is 16 J in. and the weight of the plough is 36*4 lb. 

. The average rainfall is as follows : January = 
0*35 in., February == 0*88 in., March — 1-07 in., 
April = 1*40 in., May = 5*51 ip., June =: 10*04 
in., July = 10*86 in., August = 11*95 in., 
September = 10*32 in., October ==: 4*20 in., 
November = 0*62 in., and December = 0*12 in. 

(35) Orissa j)lough, Bkadrah. Similar to Sambal- 
pur in design. 
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(36) Orissa plough, Angut Similar to Sambal- 
piir plough in design. 

Experiment 

With The object of nmking comparative study 
of the Indian ploughs, and also, to investigate the 
fundamental principles involved in their design, 
dynamometer experiments were conducted in 
.January 1941 with "40 ploughs, collected from 
different parts of India, which are described al:)ove. 
The field, used for this experiment was plot No. 3 
Main Block Farm area, Imperial Agricultural Re- 

■ search Institute, and the soil is sandy loam. The 
plot was level and had been ploughed and left 
fallow for two niontlis before this experiment. The 
data were collected as follows : Five furrows, 
each 100 ft. long, were opened in succession by 

. each of the plouglis, the first c)ne being an opening 
furrow the remaining four furrows followed 

as normal ploughing. Same ploughman and the 
same pair of Sahiwal bullocks were used tiiroiighoiit 
the experiment. Charts showing the' draw-bar- 
pull (D. B. P.) fluctuations througlioiit the length 
of the furrow were obtained for each furrow ■ with 
the -help of a self-recording dynamometer. The 
description of the dynamometer is given in Ap- 
pendix I. The av’^erage draw-bar-pull (D. B. P.) 
for the different furrows was calculated by comput- 
ing^thc area included in-between the curve and the 
base line by means of a planimeter and dividing 

■ this area by the length of base line' 'and multiply- 
ing ■ 'the quotient by .dynamometer constant.;,'' 
Specimens of the D. ,B, P. '.curves o'btained dor 
two of the ploughs are ..'given in Fig. 34. In 
addition, to the, draw'-bar-pull, tlie depth and 
■width . ■ of " each' . furrow '■'were , recorded by taking 
measurements at three points, selected at random 
in .each furrow.- The moisture content was also 
determined by taking soil 'samples from each fur- 
row. The total width covered by five furrows 
and the time taken to open each furrow^ were 
also noted. The angle between the beam and 
tlie ground line was calculated by noting tlie length 
of the beam and the height of the free end of the 
beam above the ground line when the plough was 
in working position. 

Table I summarizes in brief the results of tliis 
experiment. The different ploughs have been 
arranged in ascending order of draw-bar-puIL 

Discussions 

Prom the examination of diagrams of all ploughs 
it can be seen that there is considerable difference 
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Fig. 35. Side elevation x^iew of an Indian plough 
Beam, 4. Handle, 5. Share or iron rod, 6. Cotter or 
Ring to hold the share in position, 0. Inner bend 
♦These notations have heen used throiifrhont this paper 


heian. 


Fig. 36. The sectional view of the dynamometer 

Cl Main cylinder Sl=Stylus No. 1 

C2=«Axi3:iliary cylinder . • . )S2= „ 2 

P==Pin to control the flow of oil from main to auxili- L=Lever 

ary cylinder ... . N“Nut to close the oil inlet of auxi 

Pirx^Main piston ' • M=^'EIectro magnet 

P2= Auxiliary piston ‘ B=Battery 

T=Metal tube . I)=Paper drum on xx^hich stylus F 

R.T. —Rubber tubes (special) for joining purpose movements of the P2 which 

Spring . to the pressure on oil 
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betweea the ploughs ill their constmction. The 
following are the main differences : 

1. In some of the plonghs the body and wedge* 
V are made in two parts and have been assembled 

1 together, while in others they have been made in 
a single piece. In the former case if the wedge is 

: damaged it can be replaced, and at the time of 

constructing the body and wedge very little wood 
; is wasted* The angle between the body and wedge 

2 can easily be altered whenever required, as the 
tightening of these parts is done with the help of 

I the cotters or pegs, while the angle between the 
I body and wedge in tlie other type cannot be al- 
tered. Any wood can be used subject to the 
■ strength of the material to withstand the forces 
acting on the plough due to the soil. In other 
types a wood which is quite hard and has very 
little wear and tear like acacia should be used. 
In the first type, however, the wedge is likely to 
; get loosened soon and cause damage to the body 
j as the tightening is done by cotters. 

2. In some ploughs the beam is fixed to the 
l)ody at a farther distance from the bend between 
the body and wedge, while in others it is very 
near. The advantage in the former case is that 
when the plough is working in a field full of weeds, 
the weeds do not cause any undue increase in 
draught by sticking to the plough and blocking 
the passage of the plough. Besides this, the 
depth of ploughing will be greater than in the : 
latter case provided the length of wedge and the 
plough angle are same in both cases. 

3. The wedges are broad ana short in some cases 
while in others they are na^rrow and long. The 
ploughs with broad and short wedges are used in 
soils where moisture is high, i.e. generally for 
puddling, in which case the cutting force is less. 

If the ploughs with long and narrow wedges are 
used in soils with high moisture content, they will 
penetrate to a greater depth due to which the 
draught \^'ill be more. While cutting with 
narrow wedges tlic sides of the furrows will be in- 

' tact {i.e. the disturbance of the soil near the side 
of furrows is very little) and produce a side pres- 
sure on the %vedge of plough wdiich will cause an 
increase in the frictional resistance. Therefore, 
the total resistance per unit area of cross-section 
of the furrow opened is greater in the case of 
' ploughs with narrow wedges than that of the 
^ ploughs with short and broad wedge^. The 
disadvantage of ploughs with broad and short 
wedges is that they plough the land to a lesser 
depth than the other ease. 


INDIAN, PLOUGHS 

4; In certain ploughs the wedges are solid pyra- 
mids with triangular cross-section while in others 
they are of different shapes, some conical, some 
trapezoidal frustums and others solid cones 
having a cross-section like segment of an ellipse 
(cut by a line parallel to its minor axis). In the 
former type the vertex of cross-section faces ; 

downwards. 

Examining the ploiighs from their Gonstruction 
point of view it will be seen that a classification 
on constructional basis can mainly be done from : 

the point of their wedges on which the working 
capacity of a, plough depends. Applying this | 

criterion the following classification has been I 

made : j 

(1) Ploughs with broad and short wedges with 
triangular cross-sections, Sambalpur, Angul, Bhad- 
rak and Bankura ploughs will fall in this class. 

They are similar not only in their wedges but in | 

the attachment of their bea ms to the bodies and in 

other constructional points of view. The Ban- 

kura plough has a slightly longer and narrower •: 

wedge than the others. The hodj and the wedge 

are made in one piece. ! 

(2) Ploughs ivith broad and long wedges with | ' 

triangular cross-section. Native plough fSabour 

falls in this class. The body and the wedge are ' ; 

made in one piece. 

(3) Ploughs with broad trapezoidal frustum 

ivedges. Local plough Chotanagpur Netarhat and Ji 

local plough Oho tan agpur come in this class. 

They have no bodies. Sarkar plough Sind and 
North-West Forntier Province plough with their 1 

trapezoidal wedges can also be placed in this class. 

But the beam of the North-West Frontier Province ; 

plough is curved and the coulters of Sarker and { 

North-West Frontier Province ploughs are flat , 

iron plates. The body and wedge are made in 
one piece. j 

(4) Ploughs with long wedges of medium breadth 
with triangular cross-section, Bellary, Coimbatore 

and Berhampore ploughs will come in this class. i ; 

In the case of Bellary ploughs the cross-section of 
the wedge is triangle. The vertices of the cross- 
section of the wedge of Coimbatore plough are 
slightly flattened while that of Berhampore plough 
are flattened in such a that the section has v ! 

become pentagon. Jhansi plough also can be 
placed in this class, but one of the vertices of the 
cross-section of the wedge has been rounded and | 

this curved face faces downwards. The beam of ' ^ 

the Jhansi plough is curved. The body and wedge - 

are made in one piece in this also. 
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(5) ploughs with specially designed wedges, Desi 
plough Delhi and Local plough Kama! will come 
in fihm class. The wedge of Delhi plough is partly 
iron and partly wood. The iron part is a flat 
plate of triangular section f in. thick. The 
wooden part and the body are made in single 
piece. Similarly in the casel^f Local plough Karnah 
the wedge is of two cross-sectional dimensions. 
Part of the wedge is a py ramid of segmental cross- 
section and the remaining part is a solid with 
sectoral cross-section as shown in diagrams. 

(6) Ploughs with wedges of medium length and 
width. There are two sub-types in this class : 

(a) Ploughs with body and wedge made in one 
piece— Patnaj Desi Gorakhpur No. 3, 
'Wooden Gorakhpur, Country Piisa Farm, 
Chotanagpur Pnrelia, Ranchi, Dacca 
Farm, Rangpur and Udayagiri ploughs 
will come in this class. In the case of 

^ Dacca and Rangpur ploughs the edges 
of their wedges are slightly rounded. 

(b) Ploughs ivith body ami tvedge made in two 
pieces— Desi Gorakhpur No. 1, Desi 
Gorakhpur No. 2 and Aligarh ploughs 

■ will come in this class. 

(7) Ploughs with small and thin wedges. Bareilly 
No. 1 and Kakori ploughs will come in this class. 
Their wedges are of insignificant size. They are 
probably used -as harrows. 

(8) Ploughs with narrow and Imig wedges. 
Country Dohad , Indore, Bareilly No. 2 and Baroda 
ploughs will come in this class. In Baroda plough 
the wedge is conical and different from that of 
others. The Potangi plough also can be placed 
in this class but the beam and handle are curved. 
There is no body and the wedge is a solid cone and 
resembles the primitive type. 

(9) Ploughs with bodies and shares made of iron. 
Kannar plough will come in this class. Tl»e body 
and share are specially designed. The beam is 
wooden and the plough is a modified form of 
Victory plough. 

Now coming to the classification on the basis of 
cinps and the conditions of the soil at the time of 
ploughing, it can be seen that the following classi- 
fication can be made. 

(!) Ploughs which wre mtended only for wet land 
paddy fields. Sambalpur, Angul, Bbadrak, Ban- 
kura. Local plough Chotanagpur, L. P. Chota- 
nagpur Netarhat, with their broad and 
short wedges, come in this class. In the 
case of wet land paddy fields, puddling is the main 
operation to prepare the soil for transplantation 
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and this can be done under waterlogging Gonditions. 

So these ploughs are more useful than the ploughs 
with the narrow and long wedges. Sabour plough 
with sliglttly modified wedge can be placed in 
■ this, class, 

(2) Plotughs which, are htomded for paddy fields 
and dry lands under iwrio'us other crops. Dacca 
Farm, Rangpur, Tipperali, Karnal, Sarkar Sind, 
Bellary, Coimbarote and Dm-Gorakhpur ploughs 
will come in this class. These ploughs are used 
for puddling paddy lands and also for ploughing 
the fields for otber crops. Ploughing is done when 
the moisture content of the soil is sufficient to make 
it plough able. If the moisture due to rain is 
insufficient, ploughing is done after irrigation. 
Karnal, Bellary, Coimbatore and Gorakhpur 
ploughs are used for preparing land for sugarcane 
also.'-' , 

(3) Ploughs which are intended for dry land crops 
only. The remaining ploughs with long and narrow 
or medium wedges will come in this class. Some 
of these plouglis are used in rainfed areas only 
while others are used in both rainfed and irrigated 
areas. In these cases also plough ing is done 
when the moisture content of the soil is sufficient 
to make the soil ploiighable. 

The experimental results and the charts showing 
the draw-bar-pull indicate that the draw-bar-piill 
in the case of first furrow is more than in the case 
of subsequent furrows in many cases. But as it 
was very difficult to distinguish whether the subse- 
quent furrows were made as in the case of normal 
ploughing, the investigations were confined mainly 
to data from the first furrows. However, the 
average draw-bar-pull for the successive furrovs 
is also given in Table 1 for the ])urpose of 
com})arison. 

Taking the ploughs of the different groups men- 
tioned above on crop basis, the values of width 
and depth of the furrows, tJie D. B. P. weight, of 
ploughs, resistance per unit area of cross-section, 
horse-pov'er (H.P.) and time enable us to see 
which plough can i>e regarded as the best in the ' 
different groups. 

In the ease of Bankura plough the H. P. and the 
resistance per unit area of cross-section of the 
furrow are comparatively minimum, while the 
cross-section and the depth of the furrow are maxi- 
mum. The wedge of this plough is more pointed 
than that of the others in this Group and this 
probably may l>e the cpus<j for maximum depth. ^ ' 
Besides tins, the weight of tlie plough is quite 
stiffieient to make it strong so that the plough can 
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Furrow 


Time to 




I',/" 

Ha me of plough 



Weight 
in Ih. 

open 100 

D. B. P. 
in lb.. 



, Width 

Depth 

ft- 

fiUTow in 
see. 

■ DeBistanee 


Samli.-ilpur . 

12*33 

4*83 

19*2 

32 

89*8 

3-02 

0*5] 

Aiignl 

11*20 

6*00 

24*1 

20 

121*0 

3*60' 

^ o*a5' 

Bli;Dlrak 

11*83 

5*20 

19*5 

35 

110*0 

■ ■ 3*56 „ 

0*58 

.Bank (ink 

12*00 

6*33 

31*0 

27 

127*7 

3*36 

■■■ om 

Local Plough Chofanag* 

pm- 

8*33 

5*83 

■ -34*3 

.27 

125*0 

3*70 

1 ' "■ ■ '0*88; 

L. P. Ohotanogpur Heiar- 
hat 

12*00 

5*33 

41*8 

26 

150*7 

i 

3*25 ■ 

1*06 

8nbonr with mod ill od 
wed go 

Hot tried 

Hot tried 

Hot tried 

Not tried 

1 

Hot tried j 

1 

■' ■ i 

Not tried 

Not tried 


Groxtp II 


Name of plough 

PuiTOW 

Weight 
in Ih. 

Time 

in 

■ , sec-. 

D.' B, P. 

Resistance 

■H. P, 

Width 

Depth 

Hangpnr . . , 

9*00 

i 

' 

5*67 

20-0 

25 

126*5 

4*96 

• 

0'82 

Dacca Farm 

0-33 

7*00 

23-9 

■ ' 28 

182*0 

^ 5*57 . 

M 8 

Tipperah . , . 

9*33 

5*33 

28*0 

28 

95*3 

3-83 

0*62 

(lorakhpur 3 

0*00 

6*60 

23*0 

30 

334*0 

4-51 

0*82 

Kama I , 

12*00 

8*20 

51*0 

29 

295*0 

600 

hm 

Sarkar Sind . 

12*00 

8*00 

33*3 

34 

305*0 

3-00 

1*64 

Ooimhatore . . 

11*00 

9*00 

37*4 

35 

338*0 

6-82 

1*76 

ftelinry 

9*06 

9*00 

81*5 

46 

387*5 

8-90 

1 *54 


he used for general ])!oiighiu|i operations in fields ploughs will come in the second siih-group with 
with pro}>er moisture content. Hence the design depths between 8 to 9 in. In the first sub-group, 
of the \s eclge and construction of Bankura plough Besi plough Gorakhpur No. 3 can be considered 
appeals to ho the best of this Group. to be the best. In the second .sub-group the 

Group II can be divided into two sub-groups on Sarkar Sind appears to be the best, but it is used 
depth baisis. Eangpur, Dacca Farm, ffesi Gorakh- in irrigated tracts only. Therefore, Kamal plough 
pur and Tipperah ploughs will come under first which , is used under varying conditions, can be 
sub-group with depths between b-SS to 7 in. considered as the be.st de.sign of this, sub- 
Karnal. Sarkar Sind, Coimbatore and Bellary group. 
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Group III 


Group III can be divided into a number of sub- be considered as the best. In sub-group VI, it 
groups from the depth point of view as indicated will be seen that Country plough Baroda requires 
in the above table. In the case of sub-group I, very strong bullocks while Potangi can be worked 
from H. P. and resistance point, Country plough with average bullocks. In the above cases the 
Gorakhpur No. 1 seems to be better than the other ploughs which are considered to be the best can 
one. In sub-group II, Chotanagpur Purelia also be worked with average bullocks. Between 
appears to be the best of the lot. The weight is the ploughs of Dohad and Indore, the design of 
also quite sufficient to make it strong. In sub- Indore appears to be better, 
group III, Country plough Pusa appears to be - 

superior to any of the other ploughs. In sub- . Summary 

group IV, Desi plough Gorakhpur No. 2 requires Ploughs collected from different parts of India 
much less D.B.P. and H.P. than any of the others, have been examined from constructional, crop. 

In sub-group V, Wooden plough Berhampore can draw-bar-pull depth of ploughing, resistance per 




Furrow 










Weight 

Time 

TV IR T> 

TV . . 



JNanie oi ptongii 

Width 

Depth 

in lb. 

in sec. 

JL/ <*> JL « 

JLxi€!3!ii b 

±1. 1 . 


f 1. Country plough 

8-2 

5-5 

18*2 

■ 27 

35*9 

'1*59 

0-25 


Gorakhpur No. I. 









2. Local 1 - lough Cho- 
^tanagpur, Ranchi 

10-00 

5*2 

16*4 

30 

70-5 

2-81 

•0-43 


f3. Chotanagpur 

9-83 

6-0 

25*i 

28 

65-9 

2*16 

0-43 


Purelia 









4. Orissa plough. 

10-33 

6*0 

17*2 

23 

82-3 

. 2*65 

0-65 

II ^ 

Udayagiri 








5. L. P. Chotanag* 
^pur. Daltonganj 

10-83 

6-0 

30-2 

25 

85*1 

2-62 

0-62 



r 6. Country Pusa 

10-20 

6*5 

34*3 

' ■ , 25 . 

88-2 

2*66 

0-63 


Farm 









7. Wooden Gorakh- 

9-66 

6-3 

22*6 

30 

118*0 

3-80 

0-72 

Ills 

pur 








8. Native Sind 

9-00 

6*7 

35-4 

32 

133*0 

4*4.3 

0*76 


9, Local plough 

10-80 

6*4 

59-4 

29 

153*8 

; ' 4*44 

0-99 


Delhi 









^10. Jhansi . 

7-66 

6-5 

44*1 

32 

167*4 

6*72 

'■ 0-77. 

f 

'11. D&si Gorakhpur 

8-66 

7*0 

22*0 

31 

108*6 

3*58 

0*64 


12. Country Oudh 

7*83 

7*0 

- 17*0 

29 

167*3 

6-10 

1*01 

IV^ 13. Country N.-W. , 

11-00 

7*0 

47*8 

40 

273*5 

6*98 

1-25 


F. P. 









14. Country Barei- 

8-66 

7*2 

25*1 

• 42, 

226*2 

7*30 

0*98 


lly2 








r 

15. Wooden Ber- 

10-00 

7*7 

36*4 

28 

134-4 1 

3*51 



ham pore 





1 



vJ 

16. Country Patna 

11*00 

7*7 

24*8 

27 

164*5 

3-89 

' hll'"' 


17. Country Aligarh 

9*83 

7*8 

29*2 

34 

166*2 

4*41 

0*89 

.. 

18. Native Sabour 

11-50 

7*8 

44*1 

30 

208*0 

4*62 

' '1-27 ■ ^ 

f'19. Country Baroda 

11*50 

8*0 

50*7 

33 

305-6 

6-63 

1*69 

VI^ 

20. Orissa Potangi 

8-00 

8*3 

19*2 

30 

293-2 

8*80 

0*92 

1 

21. Country Dohad 

9-33 

9*3 

28*7 

24 ' 

360-0 

8*28 

. 2*73 

(^22. Country Indore 

9-66 

10*7 

56-9 

43 

/ I 

1 

416'0 

8-08' 

1*76 
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imit area of cross-section of furrows and horse- 
power (H. P.) points of view, and attempts have 
' been made to classify them on these basis. The 

t draw-bar-pull charts, the depth and width of 

furrows, the time taken to open 100 ft. furrow were 
obtained by w^orking the ploughs in the same field 
wdth the same pair of bullocks and ploughman and 
I hence the deductions drawm from this experiment 
i are purely comparative. The resistance and H, P. 
j were calculated from D. B. P. depth and width 
j of furrows and time. 

In order to have a more definite classification the 
experiment should be repeated* in different soils 
and comparison should be made on the above 
basis. 
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Aeppndix 1 

Description op the dynamometer 

A sketch of the dynamometer used for ploughing 
experiments is given in Fig. 36. It wdll be seen 
that it consists of two main parts, viz. 

(i) A hydraulic link composed of a well-fitting 
main piston and a cylinder, connected by means 
of a metallic tube to an auxiliary cjdinder fitted 
with a piston kept in a position by a spring S, 

The intervening space between the two pistons is 
completely filled with oil. 

(ii) A self-recording arrangement which consists 
of a paper roll mounted on two spindles (not shown 
on diagram), and a drum provided with a mecha- 
nism for moving the paper at any desired speed. 

One end of the hydraulic link is connected to the 
yoke and the other to the beam. The pull exerted 
by the bull is transmitted to the oil in the auxi^ 
liary cylinder by the transference of oil from the 
main cylinder througli the connecting tube which 
causes the auxiliary piston to move. The move- 
mert of this piston is recorded on a special paper 
roll by means of. a stylus connected to the auxi- 
liary piston with a lever. When the plough is in 
continuous operation, the drum is rotated and the 
stylus Sj leaves a continuous mark on the paper. 

In order to obtain a legible impression on the paper 
the pressure exerted on the paper by stylus should 
be adjusted by the screw provided for this pur- 
pose. Another stylus Sg operated electrically by 
a dry cell can be used to mark points or the paper 
at any desired intervals* This will enable us to 
calculate the speed at which the plough is being 
worked at any interval (provided the paper and 
plough are moving at a definite speed). 

Enowing the length of the ordinate of the curve 
above the base line at any instant, the D. B. P. 
at that instant can be calculated by multiplying 
it with the compressive vabe of the spring which 
is . usually represented as so many. pounds. per inch 
oicompxession^ • * 

I i 

‘I ; 
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REVIEW 

Annual Review of Biochemistry and Allied Research in India? Vol. XII! 

for 1942 


(Society of Biological Cliemists, 

Investigations in Bioclieniistry and allied sub- 
jects during 1942, arc reviewed under 11 sections 
and cover varied fields of research. Each of 
these reviews draws attention to the increased 
volume of work. The important contributions 
made in the field of enzymes relate to the nature 
of the proteolytic systems in tbe whole blood, 
amylase inhibition by vitamin 0, phosphates in 
seeds and the isolation of an enzyme from WitJuimia 
Coagulanm, an easily available substance in the 
market, for the preparation of rennet. Mention 
is made of the investigations which showed that 
phosphates content of milled rice is two- thirds 
that of hand-pound rice. It is also suggested 
that milling standards for rice can be established 
on the phosphates content of rice samples. 

Under vitamins about 400 papers dealing witli 
vitamin A, B, C, ribofiavine and nicotinic acid 
are reviewed. Reference is made to the interest- ' 
ing experiments which showed that parboiled 
rice contained on the average four times as much 
vitamin B as washed raw rice and that wheat 
and millets generally contain their vitamin in. 
the free state while pulses contain varying 
amounts of combined vitamins. 

Widespread famine in different parts of the 
country raises the question of combating vitamin 
deficiency diseases and this problem has become 
more acute due to the scarcity of the imported 
vitamin concentrates due to w’a'r conditions. Work 
done in this direction is reviewed under the sec- 
tion of General Nutrition. It was found that 
Bengal gram contained 6 to 20 mg. of vitamin 0 
per 100 gm. and that this vitamin is rapidly 
formed during germination reaching a maxi- 
mum in SO to 48 hours after which it remains 
stable for 3 to 4 clays. It was shown that dehy- 
drated foodstuffs aie too low in vitamin G to be 
of juractical importance and that of all the dehy- 
drated fruits mnla (Phylkmtkimi emblicalm) is 
unique in the sense that potent dry powder can 
be prepared having a potency of about 25 to 30 
mg./gm, of vitamin C. The suggestions made 
for improving the present unsatisfactory state of 
fotHl situation in India, to moui-ion a few, are the 


India, Bangalore, Rs. 3 or 6s,) 

manufacture of shark liver oil, the production 
of , yeast .and, yeast extracts in Ijiclia as kSuO- 
stitptes for marmite and imported yeast products, 
the diversion of part of land at present used for 
money crops to food crops, the prohibition of 
polishing of rice and the harnessing of seieritific 
methods in agriculture, animal husbandry and 
fisheries. 

In the domain, of human physiology the w'ork 
reviewed relates among other subjects to the age 
estimation, blood chemistry, blood groups, health 
investigations, circulatory, digestive, reproductive 
and respiratory systems. 

In the field of animal nutrition reforence is made 
to the suggestion that in crop planning adequate 
attention should be paid to the needs of the cattle 
especially the dairy cow. The possibilites of 
growing giant star grass in India for fodder supply 
and erosion control are indicated. Investigations 
over the variations in the composition of berseem 
with the state of growth, the effect of maturity 
of some cereal plants, the carotene content of 
plant materials with special reference to hay 
making and storage, are also r‘eviewed. -.Mention, 
is made of xthe work on the applicability of the 
freezing point test for detecting the adulteration 
of cow^s and buffalo’s milk and methods of pre- 
paring cheese of good quality. 

The subject of human pathology continued to 
receive attention. Researches were carried out 
on dysentery, ^ cholera, digestive system, endo- 
crine glands, kala-azar, leprosy, plague, syphilis, 
typhus and several other diseases. 

In plant physiology the reviews relate to mitri- 
tion, photosynthesis, chlorophyll, effect of radir^- 
tion, reproduction, hormones, disposal of waste 
products and to ecology of diseases. 

In the subject of cliemistry of plant pro<]injt.s 
investigations -were carried on esstmtial oils, iixcMl 
oils, sterols and lactones, plant (H:>louring matters, 
alkaloids and glucosides, and tijie IIGX content 
of giant star grasses. 

Growing interest is evinced in the manifold 
problems presented by soils. Work reviewed re- 
lates to soil survey and sihl claBaificatiun. soil 
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colloids aud pliysico-cliemical properties, move- agricultural departments and University maga- 
ment of moisture and salts, soil swelling and slrrink- zinesaswellastliereports of tlie irrigation researcli 
age, soil erosion, soil micro-organisms, nitrogen laboratories and those of tlie private Eesearcli 
I fixation in soils,, and manures and fertilizers. Institutions. Work published in Indian Journal 

^ An important contribution reviewed under soil of Pharmacy is not reviewed under eitlier ])luir- 
j survey and classification is the preparation of the macy or chemistry or plant products, ■ work pub- 

{ soil map of India which presents a general idea of lished in Journal of Malarial Institute of India is 

i evolutionary status of the Indian soils under not reviewed in human pathology under malaria 

varied geological and climatic conditions. Ee- and that in Madras Agricultural' Journal, Poona 

ference is made to the investigations on the effect Agricultural College , Magazine are not referred in 

of fertilizer treatments for a number of years on soil and fertilizers, to mention a few instances of 

] the permanent manurial plots at Pusa on the obvious omissions. The contribution on the geo- 

j nature of soil’ micro-organisms and their activity logical evolution of Gujerat and study of '^tho 

• and to the observed correlation between the crop dietary and nutritional status, published in the 

; yields and microbial activity. The work on cotton Journal of the Gujerat Eesearch Society missed 

which showed that cotton seeds coated with dry the attention of the reviewers. Furtlier, in some 
: ammonium sulphate before sowing gave better cases investigation on the same subject is reviewed 

I yields than when the manure was applied as top by several reviewers under different heads while 

: dressing or during drilling is also reviewed, some investigations like those on fermentation 

; Attention is draVn to th^ investigation on the are not reviewed in any of the branches. The 

, availability of nitrogoen in soils with application work on nitrogen fixation by algae, review of 
of F. Y. M. undm different conditions of moisture nitrogen fixation, work on haemopoietic s}^tems, 
and C : N ratios on black cotton soil under uropoietic systems and the investigations on the 
continued cane growing, which showed that soils relation between interval of cutting and yield 

j with wide C : N ratio did not respond to F. Y. M. and chemical composition of perennial grasses 

as the mineralization of F. Y. M. in such soils are reviewed in more than one place. A slight 

, was^poor. ^ change in the divisions to be reviewed and a little 

While this review contains a faithful record editorial touching may eliminate these defects, 
of the activities of Indian workers and as such, It is fervently hoped "that the reviews may be 
much valuable information can be obtained from published at least within six months of the dose 
it, its utility can further be enhanced by the of the year under review so as to "make it more 
reviewers making their reviews more complete useful to the workers in tlie different branches of 
I by consulting the reports of the various Provincial Biochemistry and allied subjects.— S.V.D. 
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